Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 








(iB United States 7 
{(A)) Department of A ral sql Soil and Water Resources 
Agriculture Conservation Act 


Review Draft 
Part II 


eae oe 
: eh | i? 
7 —— —- 


rl =e 
Ws 
\ 


SRen® ; WZ Arty ; 4 = Vifde YY Uy Lo 
oe RYLAEGEEAGGG et N ees Uy 
Bl aw MOQ WAY OSS WN SAR EGA Ke LL 
ie 2 wa LE, SS AS EOS 
= Si - —— y bs 











SSS SSS 
XX 


Ce 


' 
it 


< ee a er 


i ao 3 


ta 
Hy 
ey 


hay 








United States 
Department of | 
Agriculture 


me AE 


——————————————— 
National Agricultural Library 





SOIL AND WATER RESOURCES 
CONSERVATION ACT 


1980 Appraisal 
Review Draft 
Part II 


UNITED STATES DEPARTMENT OF AGRICULTURE 








AGRI IMULTURE \ 
EPT. OF ARY 
RAL. LIBR \ 

GricuTe = 


JAN 1 6 998 


I 








an nil 








} 
é 

| 
‘S 
‘ 

i 
s 
‘ er 7 
_ 
| pi 4; ; : fA, a Tae MT ak" 46. erate heat 


PREFACE 


Congress passed the Soil and Water Resources Conservation Act (RCA) in 1977. 
This Act directs the Secretary of Agriculture to conduct a continuing ap- 
praisal of the status and condition of our soil, water, and related 
resources. The Department of Agriculture has prepared the first appraisal in 
two parts. In August 1979, the Department published Part I of the 1980 


Appraisal. This report is Part II. Part I provides information on the 
quantity and quality of soil and water resources, land capability, dominant 
soil conditions, and major uses of nonfederal land. It also contains an 


inventory of legislation and regulations dealing with resources and discusses 
impact of historical and institutional factors and technology on conser- 
vation, and public concerns regarding conservation problems. 


Part II considers various levels of future demands in seven potential problem 
areas--soil resources, water quality, water supply and conservation, fish and 
wildlife habitat, upstream flood damages, energy conservation and production, 
and related natural resources. It also describes the assumptions that under- 
lie projections of future demands and conditions, the analytical methods used 
in the forecasting, and the process used to develop the RCA Appraisal, Pro- 
gram, and Environmental Impact Statement. 


Part II also reviews strategies that could be used to develop the Department 
of Agriculture's future soil and water conservation programs. In addition, 
it identifies federal, state, and local contributions to soil and water 
conservation programs, and reviews landownership trends and other socio- 
economic data relating to conservation. 


Related concerns such as recreation, air quality, and rare and endangered 
species are not discussed definitively in the 1980 RCA Appraisal. These and 
related concerns will be addressed in greater detail in the 1985 reports. 


The Department of Agriculture is using the 1980 Appraisal as a basis for 
evaluating its soil and water conservation programs and policies. This 
evaluation will enable USDA to institute better management and planning that 
will help the Nation maintain and improve its natural resources. The Depart- 
ment will prepare the next appraisal in 1985. 
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Chapter 1 - Summary and Highlights 


The Nation's soil and water resources are subject to increasing pressure to 
produce more food and fiber, to provide more opportunities for recreation, 
and to accommodate urban growth. Congress, concerned that abuse or overuse 
of soil and water could deprive future generations of the resources that they 
will need to maintain an adequate standard of living, enacted the Soil and 
Water Resources Conservation Act of 1977 (RCA). This Act directs the Secre- 
tary of Agriculture to continuously appraise the condition of and trends in 
the Nation's soil and water and to develop an appropriate program to maintain 
or improve the condition of these resources. 


Before the Department of Agriculture could develop a new program, it had 
first to determine the most serious resource problems that the Nation faces 
today and is likely to face in the next 50 years. To do this, USDA made 
certain assumptions and projections concerning population, prices, tech- 
nology, agricultural exports, and other factors that affect the demand for 
and the supply of food, fiber, outdoor recreation, water, and land. It took 
into account environmental concerns and the availability of water and energy. 
Chapter 2 outlines the basic assumptions and projections that USDA used in 
analyzing problems and developing soil and water conservation objectives, 
activities, and program strategies. 


Chapter 2 also contains three scenarios of the future. Each scenario assumes 
a constant, moderate growth in population and agricultural technology. The 
only difference among these scenarios is the level of agricultural exports. 
One scenario assumes no exports, the second assumes that exports will remain 
at 1975-77 levels, and the third assumes a moderate growth in exports. USDA 
used these scenarios in projecting future demands for the products of re- 
newable resources and in projecting the future condition of the resources 
themselves. 


Using these assumptions and projections, the Department studied potential 
problem areas related to resource use. For each potential problem area, USDA 
determined the scope of the problem, the aspects of the problem requiring 
attention, and the alternative levels of improvement that could be attained 
given various levels of support to address the problem. Chapter 3 shows how 
the Department identified these areas, presents analyses of the problems, 
offers alternative objective levels, and identifies needs for future analy- 
sis’. 


Although these problem areas are interrelated, USDA considered each one 
separately in order to determine as precisely as possible the extent of the 
problem and reasonable expectations for improvement. The seven potential 
problem areas are: 


) Soil resources.--The growing population and the increasing demand for 
agricultural products for domestic consumption and export may strain 
agriculture's ability to increase production over the next 50 years. 

- The damage to the Nation's soil could be extensive. The challenge 
facing American agriculture during this period will be to decrease 
erosion, cultivate potential farmlands but not those better suited to 
other uses, and increase technology. 


led 


In many parts of the Nation, the soil is eroding at rates that could==1£ 
all other factors remain unchanged--reduce productivity by one-fifth in 
the next 50 years. Unless this erosion is checked, millions of acres of 
land not now farmed may need to be cultivated. In addition, millions 
more acres would be needed to keep abreast of projected increases in 
demand. Although the condition of rangeland and native pasture is 
generally improving, it is far below its potential. 


Future crops could be grown on the millions of acres of land that are 
not now farmed but that could economically be cultivated. Converting 
these lands to cropland may involve some costs, however, because range- 
land, woodland, and wetlands would be lost. Also, if erodible land is 
farmed, such problems as erosion and sedimentation can negate the bene- 
fit of the extra food produced. 


Water quality.--Water pollution affects to some degree 95 percent of the 
Nation's drainage basins. Bacteria, oxygen depletion, nutrients, and 
toxics are the most common pollutants. These pollutants are discharged 
directly into rivers, lakes, and streams in concentrated loads from 
manufacturing plants, sewage treatment facilities, and open sewers. 
They are carried over the land in runoff until they enter ground or 
surface water. Although these problems are naturally more severe where 
populations are high and industrialization is intense, they are serious 
in many rural areas as well. Runoff from cropland, woodland, and for- 
merly mined land discharges pollutants into streams in many areas. 


Water supply and conservation.--Problems with water supply are not 
confined to those dry areas in the West that most people associate with 
water shortages. Periodic or local water supply problems affect almost 
all areas of the Nation. And while many people consider water supply 
only in terms of irrigation, domestic consumption, or other uses that 
require withdrawal of water from streams, lakes, or aquifers, water 
supply also means maintaining streamflow, which is essential for 
fisheries, recreation, and other uses. 


Irrigation of agricultural lands requires more water than any other 
single use of water. Irrigation efficiency could be markedly improved, 
and the water thus saved could be allowed to remain in the channel to 
augment streamflow. 


In many areas, demand for water exceeds local supplies. In those 
places, water must be brought in from other areas or ground water sup- 
plies must be tapped. Where ground water is withdrawn faster than it is 
recharged, water problems may be severe. 


Fish and wildlife habitat.--Wildlife generally thrive where vegetation 
is varied. Under such conditions, wildlife can find ample food and 
adequate shelter. As agriculture becomes more intensive, conditions of 
optimum diversity become more scarce; monoculture, specialization, and 
drainage have drastically reduced wildlife populations in many areas. 
Despite this, even where lands are farmed intensively, good farm man- 
agement can improve the quality of the existing habitat. Furthermore, 
land set aside specifically for wildlife can in many places exist side 
by side with farmland. 


le? 


Fish habitat is largely dependent on water quality. The freer the water 
is from toxics, sediment, and other pollutants, the better the habitat 
will be for fish. Better management of farmland may significantly 
improve water quality by reducing erosion and runoff. Additionally, 
since many farm ponds are managed to produce fish, better management of 
these ponds could significantly increase the annual catch. 


Upstream flood damages.--Flood damages to farmland, woodland, and towns 
and cities in upstream areas average more than $1 billion per year. 
Without efforts to control such damage, USDA estimates that annual flood 
damages will rise by almost 50 percent over the next 20 years. The 
simplest way to minimize flood damages is to use flood plains wisely. 
Unfortunately, these areas are among the most attractive for urban 
developments, intensive farming, and other incompatible uses--until 
floods wipe them out. 


Energy conservation and production.--The Department of Agriculture has 
announced a goal of energy self-sufficiency on farms and ranches by 
1990. This means that the total amount of energy produced on farms and 
ranches will be equal to or will exceed the amount used there. It does 
not, however, necessarily mean that any single farm will produce all of 
the energy it uses. 


USDA sees a number of ways in which improved or different management 
could significantly reduce energy use on farms: (1) more extensive use 
of conservation tillage, (2) improved crop drying techniques, (3) more 
efficient use of fertilizer, (4) conservation management to reduce soil 
erosion, (5) retention of prime farmland for agricultural uses, (6) 
better management of irrigation water, (7) better management of pasture 
and range, and (8) more extensive use of shelterbelts and windbreaks. 
The Department also sees various ways to generate energy on farms: (1) 
substitute, where possible, organic wastes for chemical fertilizers in 
order to divert the energy used in producing that fertilizer to other 
uses, (2) grow crops specifically as a fuel for generating energy, (3) 
use existing small dams and windmills to generate electricity and pump 
water, where possible, (4) grow legumes specifically to plow under for 
the next crop, thereby reducing or eliminating the need for extra fer- 
tilizer, and (5) use animal manures to produce methane gas. 


Related natural resources.--Organic waste management, recreation, and 
soil and water resource management in urban and urbanizing areas are 
also problems that USDA's new soil and water conservation program should 
address. 


Many organic wastes that are now being buried or burned could safely be 
spread over the soil to help improve soil tilth and fertility. Such 
wastes include manures, sewage sludges, septage, municipal refuse, food 
processing wastes, and wood manufacturing residues. 


Demands for land- and water-based recreational opportunities will con- 


tinue to grow. Cooperation between the public and private sectors will 
be needed if these demands are to be met. 


‘her 


Most urban and. urbanizing areas are subject in some degree to problems 
caused by misuse or poor use of resources. Many urban areas are built 
on unstable or wet soils, on flood plains, or in wetlands. Addi- 
tionally, the lack of adequate measures to control erosion around con- 
struction sites creates extremely serious sedimentation problems. In 
many rapidly growing areas, urban expansion competes directly with 
agriculture for much of the very best farmland. Urban expansion is 
engulfing about 1 million acres of this prime farmland annually. This 
loss is irretrievable. 


Knowledge about who owns the land and how it is operated is essential in 
developing and implementing resource conservation programs on private lands. 
The perceptions of landowners and land users can affect their awareness of 
the need for conservation and their ability to implement conservation meas- 
ures. Chapter 4 shows who owns the Nation's private land and the arrange- 
ments under which this land is operated. 


Seven USDA agencies now administer 34 programs dealing with soil and water 
conservation. These agencies conduct programs that inventory resources; 
inform the public about soil and water conservation; identify and locate 
individual problems; research, plan, and design solutions; and establish 
programs for action. USDA programs provide cost sharing, loans, and onsite 
technical assistance in planning and implementing conservation measures. 
Furthermore, state and local governments are demonstrating increasing 
interest in conserving soil and water. Chapter 5 discusses federal, state, 
and local assistance to conservation programs. 


To the degree that the Department can predict the future, resource problems 
can be forestalled. Using its assumptions about and projections of future 
conditions, its analyses of the seven potential problem areas, its knowledge 
about trends in landownership, and its experience with existing soil and 
water conservation programs, the Department has set about developing a new 
program. Chapter 6 describes possible components for a comprehensive program 
to achieve proposed soil and water conservation objectives. 


USDA considered three alternative organizational structures for delivering a 
soil and water conservation program. First, the Department could fine-tune 
the existing system. All agencies would retain their present missions and 
responsibilities. Procedures would be established to set common goals and 
reduce duplication. Second, USDA could reassign responsibilities among its 
agencies in order to simplify delivery. For example, responsibility for all 
technical assistance for soil and water conservation could be assigned to the 
Soil Conservation Service, responsibility for all soil and water conservation 
loan services, to the Farmers Home Administration, and responsibility for all 
grants, contracting, and cost-sharing services, to the Agricultural Conser- 
vation and Stabilization Service. Third, USDA could create a new Soil and 
Water Conservation Agency and assign to it responsibility for all soil and 
water conservation activities concerned with nonfederal land. These activ- 
ities are now divided among the Agricultural Stabilization and Conservation 
Service, the Economics, Statistics, and Cooperatives Service, the Farmers 
Home Administration, the Forest Service, the Soil Conservation Service, and 
the Science and Education Administration. In addition to changes in struc- 
ture within USDA, possible changes in USDA's relationships with other levels 
of government were considered. The states could be given a greater role in 
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planning and directing conservation programs. A multicounty regional approach 
could be implemented. 


USDA considered service delivery mechanisms and program delivery mechanisms 
that could be used to implement its program. Service delivery mechanisms 
provide technical information and services. Questions that were considered 
related to the appropriate combinations of federal, local, and private 
funding and personnel. Existing programs use various arrangements. 


Program delivery mechanisms are designed to implement a soil and water con- 
servation program by offering incentives for compliance and imposing penal- 
ties for noncompliance. The mechanisms considered were contracting; linking 
eligibility for other programs of the Department with adherence to a standard 


of conservation management; loans, cost sharing, grants, insurance, and other 
incentives; taxation; and regulation. 


In developing the 1980 RCA reports, USDA tapped hundreds of sources. The 
Department will continue to build on the data it has already collected for 
use in its continuing evaluation of the status of and trends in soil and 
water resources. Chapter 7 documents the sources of the data used in the 
1980 Appraisal. It also describes the computer models and other techniques 
used in compiling and evaluating these data. 
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Chapter 2 - Assumptions and Projections 


This chapter presents the basic assumptions and projections the U.S. Depart- 
ment of Agriculture used in developing and evaluating programs for the 1980 
RCA reports. USDA made specific projections for the period 1980 through 
2030. In making its assumptions and projections, the Department recognized 
the difficulty in accurately predicting population, community growth, and the 
demand for or supply of the products of renewable resources. The assumptions 
are based on past trends, knowledge about developments that may affect the 
future, and reasonable expectations about future changes. 


Historical trends are the result of major social, political, technological, 
and institutional forces that do not change easily or quickly. Barring a 
major catastrophe, recent trends are likely to persist into the future and to 
govern the demands on land, water, and related resources. Therefore, the 


assumptions and projections in the 1980 reports are extrapolations of recent 
trends. 


Population 


Population changes greatly affect the demand for food and fiber, outdoor 
recreation, and water. They also influence the characteristics of the labor 
force, which are major determinants of economic activity and materials usage. 


Between the late 1920's and the late 1970's, the population of the United 
States increased by about 100 million people, rising at an average annual 
rate of 1.7 percent. However, the annual rate of growth declined to about 1 
percent in the 1960's and early 1970's and went down to 0.7 percent in 1976 
(U.S. Dept. Commerce, 1977). This decline reflects the reduced birth rates 
that occurred after the "baby boom" of the late 1940's and early 1950's. 


Immigration accounts for a significant part of population growth, and the 
projections used in this appraisal include a net addition of 400,000 legal 
immigrants each year. There has been some decline in legal immigration 
recently. Total immigration is unknown, however, because of the unreliable 
information about illegal immigration. 


The distribution of the population has a strong influence on state and 
regional demands for renewable resources, particularly those that must be 
produced and consumed in the same place. The Water Resources Council has 
prepared projections that show significant differences in population trends 
among the states and regions (USWRC, 1974). The most rapid growth will 
probably be in the South and on the Pacific Coast. The major population 
concentrations, however, will remain in the East and North-Central Regions 
and along the Atlantic and Pacific Coasts. 


For RCA analyses, USDA used the Series II population projection made by the 
Department of Commerce (1977). See table 2-1. This series reflects a con- 
tinuation of current population trends. 


Table 2-1.--Population projected to 2030 





Year Series I 1/ Series II 2/ Series III 3/ 


(Millions of people) 


1976 21D 92 219542 Phi is ys 
2000 282.8 260.4 245.9 
2020 354.1 2905) 253 00 
2030 392.8 30033 249.3 


1/ Series I. Annual growth rate ranges from 1.0 to 1.3 percent. 

2/ Series II. Growth rate increases to 0.9 percent in the 1980's, then 
declines to 0.6 percent by 2000 and to 0.3 percent by 2030. 

3/ Series III. Annual growth rate drops to 0.3 percent by 2000. By 
2030, there will be a slight decline in population. 


Demand for Agricultural Products 


RCA projections of the demand for agricultural products are based on the 1979 
OBERS Program Report (U.S. Dept. Commerce, 1979). The OBERS series projects 
economic activity for the Nation, individual states, and economic and hydro- 
logic areas. It includes projections of population, personal income, em- 
ployment, and earnings by individuals and industry. The agricultural 
projections include agricultural land use and commodity production and value. 


The OBERS series is a major product of a program of economic measurement, 
analysis, and projection conducted by the Bureau of Economic Analysis (BEA), 
formerly the Office of Business Economics (OBE) of the U.S. Department of 
Commerce, and the Economics, Statistics, and Cooperatives Service (ESCS), 
formerly the Economics Research Service (ERS) of the U.S. Department of 
Agriculture. The program acquired the acronym of "OBERS," signifying a 
unified effort by OBE and ERS. 


The agricultural part of the 1979 OBERS projections relies on the judgment of 
agriculturalists, economists, and international trade specialists on current 
and future conditions that affect domestic consumption patterns and agricul- 
tural exports. 


RCA projections of domestic demand use the consumption patterns shown in the 
1978 baseline projections in the National Interregional Agricultural Pro- 
jections (NIRAP)--a modeling system used by ESCS. The projections of 
domestic demand are based on the primary factors that influence per capita 
consumption--disposable personal income, tastes and preferences, and relative 
commodity prices. 


As disposable personal income increases, the demand for some commodities 
increases and the demand for others decreases. As consumer incomes increase, 
the demand for beef and veal, chicken, turkey, fruits, and vegetables tends 
to increase and the demand for eggs, milk, dry beans and peas, and cereal 
products tends to decrease. ESCS projected per capita consumption of each 
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commodity at constant prices. It then adjusted the consumption projections 
for implicit price relationships that reflect export demand as well as 
domestic consumption. ESCS also included adjustments to reflect increased 
commodity supplies over time. 


Tastes and preferences also influence domestic consumption. As individuals 
become more concerned with cholesterol levels, they reduce their consumption 
of eggs, milk products, and high fat meats in favor of lean meats, fruits, 
and vegetables. 


Price differences between commodities tend to shift consumption from one com- 
modity to another in the short run, and in the long run if fundamental 
changes occur in supply or demand, or both. For example, increased feeding 
efficiency, improved breeding, and disease control in broiler and turkey 
production have made poultry much more competitive with beef and veal. 


Table 2-2 shows projections of per capita consumption of selected com- 
modities. Per capita consumption of beef and veal has fluctuated with the 
beef cycle, but has had a strong upward trend since 1950. The projected 
demand for beef has a much slower upward trend than history would suggest. 
Per capita consumption of pork has held steady. Consumption of chicken and 
turkey per capita is projected to increase; consumption of eggs and milk, to 
decrease. 


Table 2-2.--Projections of per capita consumption of selected commodities 


Commodity 1975-77 average 2000 2030 
(Pounds ) 

Piet 7-2 — === Se - = 153 158 173 
BST CII | ST late a aaa 10.5 14.2 15.3 
Pe eee = =~ tee 83 126 140 
PetnUeGma = —— =~ — =~ sso —— 8.6 1-1-..0 11.4 
On eee So men re iam = 16.1 14.0 13.4 
2 Cet i ee im 100 95 94 
eC iiam itt tar == — 116 139 145 
RodCUGENSt. PED C= =--42-<-<< << 102 109 115 
Vegetables and melons-------- 246 273 290 
iets NepOLAtoes=————---—---~—— 120 134 140 
Pry aveans and) peas-——-—=—=~—— 6.6 aa! 4.3 
Beet ond yeale---------—------ 129 140 IZ 
Pork---<-<<-=------~---~------- 59 70 74 
1c SE a a la ll al it dee 1.4 dow 
Chicken---------------------- 43 65 58 
Turkey-=<--------------------- 9.0 Lei 13/39 
Eggs---- 9 oon enn nnn 36 33 30 
Milk------------------------- 549 p29 493 
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Income elasticities (see glossary) are used in projecting per capita consump- 
tion of commodities. Income elasticity is a measure of the percentage of 
change in consumption of a given commodity that results from a 1 percent 
change in disposable personal income. For example, the income elasticity of 
beef and veal is 0.66. Therefore, a 1 percent increase in income will 
increase per capita consumption of beef and veal by 0.66 percent. It is 
generally assumed that per capita food demand will not increase as rapidly as 
disposable personal income; therefore, the income elasticity will decrease. 
Table 2-3 shows the income elasticities of selected commodities. These 
elasticities are measured on the basis of farm level prices, not retail level 
prices. Meats are measured using carcass weight rather than live weight. 


Table 2-3.--Income elasticities at the farm level for selected commodities 


Base Adjusted elasticity 


Commodity elasticity 2000 2030 
Beef and veal (carcass wt)------ 0.66 0.64 0.63 
Pork (carcass wt)---<-<---------- 0.09 0.11 0.13 
Lamb and mutton (carcass wt)---- =] ae Pal 2il = lelG 
Chicken (retail wt)------------- 1.26 1.26 he2zg 
Turkey (retail wt)--------<----- ake Teieh ake 
Milk+--#se+-bess-------- 22h ae -0.53 -0.50 -0.45 
[Gogo estasln eaatn nla a itacanin ie cta tote I -0.44 -0.42 -0.40 
Wheat <-------9----- 9-9 90-5 ------- -0.33 -0.29 =Oieo 
Rye---------------------+------- -0.20 -0.19 -0.15 
Rice---------------------------- 0.70 0.68 0.65 
Corn---------------------------- 0.92 0.92 0.89 
Oa te = en nr ee =0905 -0.04 -~0203 
Bal Gyo pete rere eee eae 0.59 0.57 0.56 
Peanuts #-e a er 4 i 0.80 0.78 015 
Irish p0tavuec==—-————- eee 0.24 0.24 0.24 
Sweets Dota G0es === —— ee -1.64 -1.46 ~ Lise 
Dryy beatae ee eee a — =0 250 -0.46 -0.42 
Dryi pea Soe ones a ge ee =1545 =1t239 elias 
None trus*iau (-————-=- = -O731 -0.26 =0/922 
Citrus *fruge- —=4—-=—~— ee 0.40 0.41 0.41 
SUg38 toro = Asean ag = eee Olt 0.412 0.14 
Vegetablesvand melons===--~-----—-= 0.14 0.14 0.15 


Total pounds of food (retail weight) consumed per capita has tended to remain 
relatively steady. This total has varied from a high of 1,651 pounds in 1945 
to a low of 1,397 in 1965. Some year-to-year variations have been as high as 
68 pounds. Per capita consumption in this analysis is based on farm level 
commodity weights, except for meats, which are measured by carcass weights. 
Total food consumption (farm weight) has been increasing’ since 
1966, except in 1973 and 1975. See figures 2-1 and 2-2. 
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Figure 2-1.--Index of population and food consumption. (Total food consump- 
tion based on retail weight using constant retail prices as index weights. 
Civilian population on July 1, in 50 states.) (USDA. 1979. Agric. Handb. 
No. 561) 
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Figure 2-2.--Index of per capita food consumption. (USDA. 1979. Agric. 
Handb. No. 561) 


The projections of export demand assume a 2.3 percent annual increase in 
exports until the year 2000 and a 0.6 percent annual increase from 2000 to 
2030. The growth rate from 1976 to 2000 reflects a continued expansion of 
international markets for feed grains to meet the needs of expanding live- 
stock industries in developed countries. It also reflects a growth in demand 
for food grain in developing countries, the USSR, and China as these coun- 
tries seek to upgrade their populations' diets. 


The slower growth rate in exports from 2000 to 2030 results from the higher 
production costs that will be encountered in meeting expanding export 
markets. These high commodity prices, in turn, will dampen the international 
demand for American agricultural exports. The export projections are con- 
sidered "moderate."" They are based on the assumption that countries will 
continue their existing import policies in an attempt to improve the quantity 
and quality of their people's diet. Changes in the food production and 
import policies of importing countries could significantly affect the level 
of projected American agricultural exports and, correspondingly, American 
resources. See table 2-4. 


Table 2-4.--Projections of exports of selected commodities 


Commodity 1/ 1975-77" average 2000 2030 
LEN SSIS IE eS 1,082 1,999 2,411 
| EI aa 65 188 208 
SOV DG4aN Sree oe 606 1,436 1,866 
Corn----------------------- 1,748 2,520 3,229 
relay afd eT te PK Ie ear 233 322 413 
a a Fe 24 26 
I AN 49 79 101 
Export index (1967 = 100)-- 169 290 351 


Annual growth rate, in 
percentages: 
1976 to 2000---------- rtp © 23 ==-2 
2000700, 2030 =2=— 3S Gris aon ais 0.6 


1/ All measurements are in millions of units. Rice is expressed in 
hundredweight. All other commodities are expressed in bushels. 
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Alternative Scenarios Used in RCA Analyses 


USDA is using three scenarios--each based on a different level of exports--to 
analyze long-range plans for soil and water conservation. See table 2-5. 
One depicts a level of agricultural production high enough to meet domestic 
consumption demand only--no exports. The second illustrates resource use and 
conservation problems associated with a level of production sufficient to 
supply projected domestic consumption and to maintain current (1975-77) 
export levels. The third scenario portrays resource conservation problems 
associated with a level of agricultural production sufficient to meet do- 
mestic demand and to sustain a projected moderate growth in exports. 


Table 2-5.--Scenarios of the future used in the RCA analyses 


Population 1/ Exports Technology 2/ 
Domestic consumption only---- Series II Zero Moderate 
Domestic consumption plus 
BasGaexporis—-————-—=-—=-—== Series II Constant Moderate 
(1975-77) 
Domestic consumption plus 
projected exports---------- Series II Moderate 3/ Moderate 


1/ The population growth rate will increase to 0.9 percent in the 1980's 
and decline to 0.6 percent by 2000 and to 0.3 percent by 2030. 

2/ Agricultural productivity will increase by 1.1 percent per year to 
2000 and by 0.8 percent annually from 2000 to 2030. 

3/ Exports will increase by 2.3 percent annually to 2000 and by 0.6 
percent annually from 2000 to 2030. 


For each scenario, USDA made detailed analyses on resource use for the years 
2000 and 2030. The analyses evaluated how conservation programs could 
achieve specified levels of reduction in soil erosion. Analyses were made to 
determine how land use and soil conservation practices can reduce soil losses 
up to 60 percent under the different export levels assumed in each scenario. 
The basic scenarios assume that farmers select their crops and production 
practices to achieve the lowest cost of production and the highest annual net 
income. 


Agricultural Prices 


Projecting agricultural prices is difficult because of the wide year-to-year 
fluctuations in weather and other factors. Each year the Water Resources 
Council publishes a list of current normalized prices (see glossary) that 
federal agencies use in evaluating water resource projects (USWRC, 1978a). 
The agencies use these prices as the approximate long term equilibrium price 
levels in determining benefit-cost ratios. For RCA, USDA used normalized 
prices to estimate the gross value of agricultural production. However, to 


Ze1 


evaluate the economic consequences of alternative conservation programs, it 
estimated commodity prices to reflect the cost of producing the last (and 
most expensive) unit of output demanded by the market. USDA also estimated 
sets of these "marginal" commodity prices for each program scenario. 


Gross National Product (GNP) 


In recent decades, changes in the consumption of many resource products have 
been closely associated with changes in the Nation's GNP. Between 1940 and 
1975, the GNP, measured in constant 1972 dollars, increased more than five 
times--rising at an average annual rate of about 4.7 percent. Annual changes 
have fluctuated widely, from +16.1 percent to -14.8 percent. 


The wide fluctuations in annual growth rates in the GNP reflect such factors 
as differences in the rates of change in the size of the labor force, un- 
employment, hours worked per year, and productivity. These factors will 
continue to cause fluctuations in the GNP. The Water Resources Council's 
projections indicate that the proportion of the GNP originating in manu- 
facturing and construction will decline slowly over the projection period 
(1980-2030) (USWRC, 1974). 


Transportation, trade, and other services account for a slowly growing share 
of the total. These changes are consistent with long-established trends. 
However, the United States will continue to produce huge quantities of 
physical goods, which means that large supplies of energy, minerals, and 
other raw materials will be needed. USDA used the Bureau of Economic 
Analysis projections of GNP for RCA analyses. 


Disposable Personal Income 


Disposable personal income--the income available for spending or saving--is 
an important determinant of demand. Since 1929, disposable personal income 
has equaled about 70 percent of the GNP. USDA assumes that this fairly 
constant relationship will continue through the projection period. See table 
2-6, 


Table 2-6.--Economic indicators projected to 2030 


195i? 

Economic indicator average 2000 2030 
Per capita disposable income 

(1972 dollars)----------------- $4,148 $7,640 $13,779 
Percentage of disposable income 

spent :on food--~-------------<= 16.8 Lio Lind 
Export index (1967 = 100)-------- 169 290 SW 
Agricultural productivity index 

(1967 = 100)------------------- 116 147 187 
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Technological Growth 


Technological improvements have enabled American farmers to respond to ex- 
panding domestic and foreign demand for agricultural products. Over the past 
590 years, agricultural productivity has grown at the rate of 1.6 percent per 
year. The increase in productivity was about 2.1 percent annually between 
1939 and 1965, but the rate of growth has recently declined to about 1.7 per- 
cent annually. Lu and Quance (1979) predict that without significant tech- 
nological breakthroughs, the rate of growth in productivity will continue to 
decline. The agricultural productivity growth curve under the "science 


eS era is now entering the stages of declining growth rates. See figure 
-3. 


Public expenditures for research and extension increased at a real rate of 
about 3 percent per year from 1929 to 1972. During the last decade, the 
growth in federal funding for research and extension declined to about 1 
percent per year. State funding increased during this period, however, so 
federal-state combined spending for research and extension is now growing at 
about 2 percent per year. 


For RCA analyses, USDA assumed that public expenditures for research and 
extension would continue to grow at a real rate of 3 percent annually (the 
rate of growth from 1929 to 1972). Under this level of investment, agri- 
cultural productivity would slow to 1.1 percent per year between 1980 and 
2000 and to 0.8 percent per year between 2000 and 2030. 


Technological growth is one of the main factors influencing the capacity of 
American agriculture. It can have a major impact on (1) the intensity of 
production methods that farmers use and (2) the corresponding need for con- 
servation practices to maintain soil productivity and minimize environmental 
damage. USDA will make additional analyses during the public review period 
to determine the implications of alternative technological growth rates on 
production capacity and conservation programs. USDA will project the impact 
of the higher growth rate for research and extension expenditures needed to 
maintain the historic 1.6 percent rate of growth in technology. USDA will 
also project a decline in real expenditures for research and extension and a 
corresponding lower rate of technological growth. 


Projections of Crop Yields 


Projections of crop yields are highly uncertain and are based on different 
assumptions. The ESCS-NIRAP projections simulate future yields using a 
computer program that is still being refined. A national linear programming 
model (see chapter 7, section C) uses projected yields estimated by a dif- 
ferent procedure. The yield projections of the two systems, however, are 
fairly consistent. The NIRAP projections of average yields for the eight 
major crops--which accounted for 88 percent of the acreage harvested between 
1966 and 1975--are projected to increase by 1 percent per year from the 
1975-77 base period to the year 2030. This increase contrasts with the 2 
percent average annual increase from 1950 to 1975. 


Potential Environmental Concerns 
The impact of environmental quality regulations has increased considerably 
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during the 1970's. A reasonable assumption, based on information from the 
Council on Environmental Quality (CEQ), is that environmental regulations 
will reduce the GNP's growth rate over the next two decades by about 0.2 


percent annually (Data Resources, Inc., 1979). Some of these regulations are 
discussed in the following paragraphs. 


O Pesticides. One constraint on the use of minimum tillage is the in- 
creased need to use herbicides, insecticides, and other chemicals. 
Concern for the environmental impact of some of these chemicals may 
result in legal restrictions on pesticide use. Such restrictions affect 
the feasibility of minimum tillage. Scientists are now developing 
integrated pest management systems that take biological and cultural 
pest control methods into account in minimum tillage ecosystems to 
reduce reliance on chemical pesticides. Therefore, technology is ex- 


pected to keep pace with the pest control requirements of minumum 
tillage. 


fo) Water quality. There is continuing pressure to maintain or improve 
water quality. The federal government expects to achieve its goals for 
water quality, although perhaps not as soon as expected. USDA will 
address the issue of water quality when agricultural activities could 
harm natural perennial streams, other water bodies, or ground water. 
USDA will also continue to emphasize the need to ensure a dependable 
water supply. In addition, demands for higher water quality will 
restrict the agricultural use of water. Future irrigation systems will 
therefore emphasize closed water transport systems and practices that 
promote more efficient water use. 


fo) Wetlands. The Fish and Wildlife Service is conducting a National Wet- 
lands Inventory. Present plans indicate that this inventory will not 
survey all wetlands in the Nation. This inventory plus action by 
environmental groups will keep the protection of wetlands an active 
issue. Government actions at all levels will probably continue to 
restrict the development of wetlands. But, if economic returns are 
sufficient, the private sector will most likely continue to drain, 
clear, and farm wetlands without government assistance. 


O Surface mining. The Surface Mine Reclamation Act of 1977 and state laws 
will emphasize the need for reclaiming land that has been surface mined 
for coal. The scope of these laws will probably be expanded to cover 
all mining operations. 


fo) Rare and endangered species. Government and private efforts to protect 
rare and endangered species of wildlife and plants will continue. As 
the identification and knowledge of plant species increase, these pro- 
tection efforts could significantly affect USDA programs. 


Demands for Recreation 


The demand for recreation will probably grow, particularly in urban and 
urbanizing areas served by public transportation systems. Both the public 
and private sectors are expected to provide more opportunities and facilities 
for recreation. Legislation has created areas set aside specifically for 
recreation (the National Recreation Areas and the National Trails System, for 


z= 1 


example). Legislation and other pressures will continue to restrict the use 
of some land to recreational purposes only. 


Existing programs, based on legislation such as the Water Quality Act and on 
associated water quality standards, could increase the demand for water-based 
recreation and facilities for boating, swimming, fishing, and hunting. These 
activities and facilities will likely create demand for legal access to 
streambanks and for adequate streamflow levels. 


Availability and Cost of Energy 


Energy availability and costs may affect agricultural production more than 
any other supply factor. Other variables, such as technological and insti- 
tutional changes, may become of secondary significance. 


The extent to which real economic growth will change from present levels will 
depend on the policies and programs that affect energy supplies and demands. 
The effect of higher prices for imported oil will gradually lessen in rela- 
tion to total aggregate demand, especially as increased energy prices lead 
domestic producers to develop alternative energy sources. The net reduction 
in aggregate consumer demand caused by higher oil prices will be about 0.4 
percent of the GNP in 1980. In the long run, higher oil prices might lower 
the GNP growth rate by 0.1 percent to 0.2 percent per year until 1985. 


The overall result will be a tendency for average energy prices to increase 
more rapidly than prices in general, at least to the end of the century. 
Imported oil will continue to set the marginal cost of energy, at least 
during the next decade. For RCA analyses, USDA assumed no change in the real 
price of energy. 


Potential Cropland 


Of the land not now cultivated, about 40 million acres have high potential 
for conversion to cropland and about 95 million acres have medium potential 
(USDA, 1978). Adding these 135 million acres to the 413 million acres 
already cultivated in 1977 gives a total potential cropland base of about 548 
million acres in the United States. However, the acreage of potential crop- 
land includes about 18 million acres of marginal cropland that are now 
cultivated but have severe limitations for cropland use. 


Demand for Water from Sources Outside Agriculture 


For the RCA reports, part of the information on water requirements for 
specific uses was obtained from the Second National Water Assessment con- 
ducted by the Water Resources Council (USWRC, 1978b). The Water Resources 
Council developed national estimates of water use to indicate current (1975) 
requirements and to project future demands for water use outside agriculture 
in the year 2000. Continued emphasis will be placed on instream flow needs, 
not only to meet the needs of downstream users, but also to meet esthetic 
needs and to sustain fish and wildlife. 


Availability of Water for Agriculture 


Agriculture will continue to be the largest user of water nationally. 
Increased competition for existing water will likely increase the cost of 
water for irrigation, but it will also place greater emphasis on efficient 
irrigation and better irrigation methods, systems, and management. It is 
possible that with declining water tables and increasing costs of energy and 
equipment, the current practice of pumping water from deep aquifer ground 
water will no longer be economical. In some areas, ground-water mining (see 


glossary) may be phased out by the year 2000 if the rapidly declining water 
tables make it economically unfeasible. 


Water Rights 


Water rights in the western states are assumed to remain under the existing 
appropriation system. Some changes in the ability to reallocate water will 
cause water to be shifted from agriculture to energy development or other 
nonagricultural uses. These changes, in effect, will tend to increase the 
price of water for all uses. The eastern states will probably regulate water 
rights primarily to meet water quality goals and requirements. 


Flood Plain Development 


As a result of disastrous floods throughout the country, the number of 
regulations restricting the use of flood plains has grown. This trend is 
expected to continue. Some techniques for restricting and regulating flood 
plain development are zoning restrictions, storm water management plans for 


watersheds, flood proofing buildings, restricting development, and relocation 
assistance. 
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Chapter 3 - Analyses of Potential Problem Areas 


The RCA Process 


The Resources Conservation Act (RCA) states that the soil and water conserva- 
tion programs of the United States Department of Agriculture shall be 
responsive to the long-term needs of the Nation. In carrying out its 
responsibilities for nonfederal lands under RCA, the Department is to-- 


fe) appraise the current status and condition of the soil, water, and 
related resources on nonfederal land. 


fe) determine what problems will be encountered in meeting projected demands 
for food, fiber, and environmental quality. 


re) determine which of those problems can and should be addressed by a USDA 
soil and water conservation program. 


Oo recognize and use resource information available from federal, state, 
and local governments, private organizations, and other sources. 


) coordinate resource appraisal under RCA and the resource assessment 
conducted under the Forest and Rangeland Renewable Resources Planning 
Act (RPA). 


Although the Soil Conservation Service was made responsible for administering 
the Act, the Secretary of Agriculture recognized that all USDA programs and 
agencies involved in soil and water conservation must be directly involved in 
RCA activities. To provide direction, the Secretary established an RCA 
Coordinating Committee with representatives from eight USDA agencies--the 
Agricultural Stabilization and Conservation Service (ASCS); Economics, 
Statistics, and Cooperatives Service (ESCS); Farmers Home Administration 
(FmHA); Forest Service (FS); Rural Electrification Administration (REA); 
Science and Education Administration (SEA); Soil Conservation Service (SCS); 
and Office of Budget, Planning, and Evaluation (OBPE). These agencies direct 
34 different soil and water conservation programs. In addition to the USDA 
agencies, the Secretary asked the Office of Management and Budget (OMB) and 
the Council on Environmental Quality (CEQ) to join the committee. 


The major tasks of the coordinating committee were to review and analyze 
data, involve the public, and present the results in a form useful for making 
policy decisions. 


The committee first developed a systematic process for accomplishing its 
major tasks. This process was described in "RCA Process," which was dis- 
tributed widely to ensure that individuals and organizations concerned with 
soil and water conservation would know the steps taken by the committee. 


The following are the basic steps in the RCA process: 


Le Appraise the resources. 
Zi Project demands and the resources required to meet those demands. 


NU 


Analyze the appraisal and projected demands to identify and quan- 
tify problems in selected potential problem areas and to determine 
alternative levels for desired objectives. 

Establish USDA soil and water conservation objectives. 

Develop and compare alternative strategies to meet the objectives. 
Select one of the alternative strategies to accomplish the recom- 
mended USDA soil and water conservation program. 


Figure 3-1 gives a schematic description of the general RCA process. 


Appraising Resources 


The first step under RCA was to identify the extent of the resource problems. 


required an appraisal of the status and present condition of soil, 


dy 


water, and related resources. This information is published in Part I of the 
1980 RCA Appraisal. Figure 3-2 is a detailed flow diagram of the steps in the 
appraisal. 


Resource Analysis 


To define the scope of the analyses, the committee defined seven potential 
problem areas: 


The quantity and quality of soil resources for food and fiber 

production 
(Providing an adequate supply of food and fiber through con- 
servation, use, and development of soil and water resources 
through the year 2030.) 

Water quality 
(Influencing agriculture, silviculture, and land use to help 
meet state and national water quality objectives.) 

Water supply and conservation 
(Meeting current and future water needs that require with- 
drawing water from streams, reservoirs, ground water aquifers, 
and lakes for irrigation, livestock, farms, and rural com- 
munities. In addition, meeting the water needs of agriculture 
by managing soil moisture.) 

Fish and wildlife habitat 
(Improving the quality of habitat on cropland, forest land, and 
rangeland; increasing the diversity of habitat on cropland; 
and reducing the annual loss of wetlands.) 

Upstream flood damages 
(Reducing flood damages in upstream areas.) 

Energy conservation and production 
(Minimizing energy consumption in agriculture and encouraging 
the use of agricultural products in generating energy.) 

Related natural resources 
(Improving organic waste management, increasing opportunities 
for outdoor recreation, and improving management of soil and 
water resources in urbanizing areas.) 


These potential problem areas match the resource areas that the public has 
considered most serious. The analyses of future demands and resource capa- 
bilities were centered around these potential problem areas. The Department 
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compared the present status and condition of resources to projections of 
future demands on them. This enabled USDA to determine the ability of these 
resources to meet future demands and to identify specific problems that may 
arise if those demands are met. 


In trying to find ways to solve these problems, USDA tried to use a "zero 
base" approach, i.e., to start with no preconceived ideas of how much of the 
problem it should resolve or how existing programs could solve it. The 
analysis procedure is shown in steps 22 through 25 of figure 3-3. The 
results of the analysis are presented later in this introduction. 


Objectives 


After specific problems were identified, the RCA Coordinating Committee 
established objectives for USDA conservation programs. If there were suf- 
ficient. data on a problem, the objectives were set at quantifiable levels. 
Steps 25.3 to 37 in figure 3-3 show how USDA set the objective levels. The 
results are presented in the RCA Program or will be printed in subsequent 
reports. 


Alternative Strategies 


Using the "zero base" approach, USDA prepared a series of alternative strat- 
egies to achieve RCA objectives. Each strategy consists of a group of 
logically consistent activities that will achieve an identified portion of 
the overall objective. At this point, USDA considered legislative and policy 
constraints and how they affected each strategy. The RCA Coordinating Com- 
mittee specified delivery mechanisms, such as technical assistance, edu- 
cation, loans, cost sharing, and tax incentives, as part of each strategy. 
These activities are shown in steps 25 through 34 in figure 3-3. 


Comparison and Selection of Strategies and Program Needs 


USDA analyzed and compared the practicability, feasibility, and acceptability 
to the public of the alternative strategies. The Department then selected 
several alternative strategies to be included in the Program Report for 
further consideration by the public. This phase is shown in steps 38 through 
45 in figure 3-3. 


Circulation of Drafts 


USDA is making the drafts of RCA reports available to the public for review 
and comment. The Department will hold field meetings to provide information 
on the reports and answer questions. After the public has reviewed the 
reports, USDA will analyze and consider all comments in selecting a strategy. 
This review and final decision phase is shown schematically in figure 3-4. 


Final Program 
Oncé a strategy has been selected, the Administration will develop one USDA 
soil and water conservation program. The Department will prepare the final 


version of the Appraisal and The Soil and Water Conservation Program Report, 
and the President will present it to the Congress. 
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The Analysis for RCA 


The rest of chapter 3 describes and analyzes seven potential problem areas 
(PPA's). USDA analyzed each PPA using the following format--(1) problem 
statement; (2) scope; (3) focus; (4) results of the analysis; (5) alternative 
objective levels; and (6) recommendations for future analysis. Each of these 
steps is described below. 


Problem Statement 


This section provides a brief description of the problems associated with a 
PPA. When the analysis of a PPA involved a detailed examination of actual 
resource data, the problem statement was considerably expanded. 


Scope 


The scope of the analysis delineates how much of the total problem area USDA 
analyzed. For example, though water quality problems caused by organic 
wastes are a significant national problem, USDA might analyze only that 
portion that stems from agriculture. 


Focus 


The focus of the analysis indicates which aspects of a problem USDA analyzed 
in detail and which aspects will receive attention in Department programs. 


Results of the Analysis 


The results of the analysis offer a more complete understanding of the loca- 
tion and extent of critical resource problems. They also provide better 
estimates of the results of existing or projected trends that affect soil and 
water resources. This information provides an understanding of the need for 
specific action in conservation programs. 


USDA analyzed and displayed data for the smallest geographic areas feasible. 
The areas used were (1) national; (2) regional (agricultural production 
regions and water resource regions); (3) states; (4) aggregated subareas 
(ASA's); and (5) producing areas. USDA also used additional classification 
systems as needed to aid analysis of particular problems. 


Alternative Objective Levels 


The analysis generally provided insight into possible levels of achievement 


of objectives in each problem area. Alternative objective levels were 
identified that gave the RCA Coordinating Committee a starting point in 
selecting a target objective level. In designating objective levels, USDA 


based its selection on legal, economic, environmental, social, and other 
grounds as appropriate. 
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Recommendations for Future Analysis 


In all cases, the analysis for the 1980 reports was based on existing data. 
In certain potential problem areas, e.g., soil resources, a wealth of data 
was available for analysis. However, in some PPA's data were scarce, tech- 
niques were not available to analyze the data, or both. Under such circum- 
stances, USDA relied on experienced technical judgment to obtain the best 
information possible. In planning for the 1985 RCA reports, USDA will give 
priority to those areas where there are shortcomings in data and methodology. 
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Section A-Potential Problem Area 1, Soil Resources: Quantity and Quality 
for Food and Fiber Production 


Problem Statement 


Historically, most of the food and fiber in the United States has been Dro- 


duced on private lands. The Nation's soil and water resources and agri- 
cultural technology have generally supplied us with an abundance of 
agricultural commodities. A major objective of the U.S. Department of 


Agriculture's soil and water conservation programs has been to ensure that 
the Nation's soil and water resources will have the capacity to meet future 
demand for food and fiber. 


Changes in population have an important effect on the demand for agricultural 
commodities and, hence, on the demand for resources to produce them. The 
population of the United States was about 215.2 million in 1976. Population 
projections by the U.S. Department of Commerce for the year 2030 range from 
249 million to 392 million (U.S. Dep. Commerce, 1977). The baseline, or 
"best guess," projection is that the population is likely to be about 300 
million by 2030. This would be an increase of 85 million over the next 50 
years. 


Disposable income is a second factor that strongly affects the demand for 
agricultural production. Disposable income is projected to increase from the 
1976 figure of $4,148 per capita to more than $14,000 by 2030. Although the 
percentage of real income spent for food is expected to remain relatively 
constant at about 17 percent, USDA expects that Americans will eat more meats 
and fresh fruits. 


The rate of growth of agricultural exports is a third factor that will 
influence future demand for agricultural products. Exports increased by 
about 77 percent between 1967 and 1977. USDA projections indicate that by 
2030 exports could increase by more than 200 percent above the 1975-77 
levels. Figure 3A-1 shows the current export levels and the projected export 
levels through 2030. Points A, B, and C on the figure show actual exports 
for 1979, 1978, and 1977, respectively. If the growth in exports continues 
to follow the trend of the last 3 years, the export projections used for the 
RCA analysis will be low. 


These three factors--population, income, and exports--may put pressures on 
the resources to produce at much higher levels than in the past. Other 
factors will help determine the capacity of the Nation's soil and water 
resources to meet these future demands. Among these factors are: 


1. The effect of soil erosion and deterioration of grazing resources on 
the ability of American agriculture to produce. 


2. The effect of bringing new lands into production, availability of 
water, irrigating more land, and improving drainage of currently cropped land 
on the effective size of the resource base. 


3. The effect of development and implementation of technology on crop 
yields. 
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On the following pages, some of the problems facing the soil and water 
resource base are examined in more detail. 


Potential Deterioration of Soil Resources.--The 1977 National Resource In- 
ventories (NRI) (USDA, 1978b) show that erosion is the main conservation 
problem on more than half of the Nation's cropland. Soils in subclass "e" 
(erodible) are by far the largest group of problem soils. (See "land capa- 
bility classes and subclasses" in the glossary.) For example, the NRI show 

that in 1977 average annual erosion exceeded 5 tons per acre on most of the 
acreage in each land class used for row crops in the Southeast Farm Pro- 
duction Region. Erosion rates in 1977 were more than 10 tons per acre on 32 
percent of the lands used for row crops in the Southeast, 9 percent in the 
Northeast, and 19 percent in the Corn Belt. A 10 ton per acre per year 
erosion rate is the equivalent of removing 1 inch of topsoil every 15 years. 


Table 3A-1 shows the extent of sheet and rill erosion on cropland and the 
amount of sheet and rill erosion in excess of 5 tons per acre per year, by 
erosion interval. The NRI show that sheet and rill erosion removes about 
1.97 billion tons of soil from cropland in the United States each year, 
including about 1 billion tons from lands that are eroding at rates of more 
than 5 tons per acre per year. Although the erosion rate is more than 5 tons 
per acre per year on only 23.5 percent of the Nation's cropland, these lands 
account for about 51 percent of all sheet and rill erosion. 


For the RCA analysis, USDA examined more than 1,100 published soil surveys. 
It summarized data on present crop yields and on the depths of the topsoil in 
these survey areas by land capability subclass or groupings of subclasses. 
These data show, for example, that the topsoil in more than 80 percent of the 
Seitemin class | isyJess than 17, inches thick. In+«subclass Ile, the topsoil 
is less than 10 inches thick in 70 percent of the soils and less than 12 
inches thick in 86 percent of the soils. For additional information on the 
data summarized from the 1,100 soil surveys, contact Ernest V. Todd, RCA 
Manager, Room 5123, P.O. Box 2890, Washington, D.C. 20013. 


Analyses of these data, as presented in table 3A-2, show how present erosion 
rates, if allowed to continue, could reduce potential productivity in seven 
crop producing areas over the next 50 years. The Corn Belt is an example of 
an area with regional erosion problems. It is one of the most productive 
farming areas in the world, but about 43 percent of the land used for row 
crops in the Corn Belt is composed of highly erodible soils. If erosion in 
this area were allowed to continue at 1977 rates, potential corn and soybean 
yields would probably be reduced by 15 to 30 percent by 2030. For example, 
note the reduction in corn yields in producing area 43 (table 3A-2). 


In other areas and for other crops, the impact of erosion on yields is not as 
dramatic. Still, relatively shallow topsoil depths and high erosion rates 
can significantly reduce productivity on soil groups Oa, ealde) OVEN Lie 
long term (see table 3A-2). 


Potential Deterioration of Grazing Resources.--There are 432 million acres of 


nonfederal rangeland and native pasture. In 1976, the latest year for which 
data are available, 68 percent of this acreage was reported as properly 
grazed, and 32 percent was reported as overgrazed. Rangeland productivity is 
estimated to be 55 to 60 percent of potential. 


3213 


Table 3A-1.--Extent of sheet and rill erosion on cropland and the amount 
of sheet and rill erosion in excess of 5 tons per acre per year, 
by erosion interval 





Cumulative 
Total percentage of 
erosion in erosion in 
Thousands Cumulative excess of 5 excess of 5 
Erosion of percentage tons per acre tons per acre 
interval acres of acres per year per year 
Tons per acre (1,000 tons) 
er year 
0-1 128,186 3130 0 0.0 
1-2 72,596 48.6 0 0.0 
be 51,619 6V.1 0 0.0 
3-4 37 ,060 70% 1 0 0.0 
4-5 26 ,693 1625 0 0.0 
a0 18,661 81.0 7,464 0.7 
o-7 13,659 84.3 yi 25 2.6 
ifs: 9,794 86.7 23,506 50 
8-9 7,667 88 .6 26,068 Jos 
9-10 6,143 90.0 27,029 10.2 
10-11 4,985 91.3 26,919 1249 
Pt? 3,754 O22 24,026 15.2 
12-13 BolT 92.9 22,400 LAS 
13-14 ZeFiO 93.6 23,268 19.8 
14-15 2,403 94.1 22,588 2220 
la-20 7,714 96.0 95,654 ol 
Z0e25 4,382 O7n1 76,247 390 
25-30 2,891 97.8 64,758 45.4 
30-50 5,469 he Be 191,415 64.3 
0-75 2,240 99.6 128,800 77.0 
75-100 777 99.8 64,103 83.4 
100+ PZ 100.0 168 ,032 100.0 
Total 413,202 ——— 1,011,398 =e 


Source: USDA, 1978b. 
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Generally, deterioration in range condition reduces forage production and 
increases susceptibility to erosion (Branson, Gifford, and Owen, 1972). USDA 
estimates indicate that range condition has improved considerably in recent 
years. Between 1963 and 1977, the percentage of range in excellent condition 
increased from 5 to 12 percent, the percentage in good condition increased 
from 15 to 28 percent, the percentage in fair condition increased from 40 to 
42 percent, and the percentage in poor condition decreased from 40 to 18 
percent. In 1977, range condition was improving in 13 of the 17 major range 
states, was static in three, and was declining in one. In spite of recent 
improvement, however, 60 percent of the nonfederal rangeland is still in poor 
or fair condition. 


Encroaching brush and weeds can significantly reduce the productivity of 
range. The invasion of mesquite in 130 counties in west Texas reduced forage 
by 0.9 to 1.8 million animal unit months in 1971 (Osborn and Witkowski, 
1974). (See the glossary for a definition of animal unit months.) The value 
of the forage lost was $429 million in years of below average forage pro- 
duction and as much as $832 million in years of above average production. 
The NRI indicated that brush control is needed on 20 percent of the non- 
federal rangeland--about 84 million acres. 


Potential for Enlarging the Effective Cropland Base.--Future crop production 
in the United States could be increased by converting lands that are now used 


for range, pasture, forest, or other uses to cropland. The NRI show that 135 
million acres of land that are not now cultivated have high or medium po- 
tential for conversion to cropland. Of this, 40.1 million acres have high 
potential and 94.9 million acres have medium potential for conversion. 


Converting these lands to cropland would have its cost. Of the potential 
cropland, 32.9 million acres are now forest land, 53.6 million acres are 
pastureland and native pasture, 41.5 million acres are rangeland, and about 7 
million acres are used for other purposes. In addition to the direct cost of 
converting these lands to cropland, conversion would also reduce the po- 
tential supply of the products that these lands now produce. 


The conversion of these lands to cropland would also preclude their use for 
producing energy. The potential for energy production from these lands is 
discussed in section 3-F, Energy Conservation and Production. Despite the 
losses of forage, wood crops, and energy, however, converting this potential 
cropland could significantly increase the Nation's crop production. 


Productivity could also be increased by improving the drainage on land that 
is now cultivated. The NRI show that of the 105 million acres of wet soils 
(capability classes IIw, IIIw, and IVw) that are now cultivated, about 34.2 
million acres have drainage systems that are inadequate for maximum crop 
production. Crop yields on well drained soils can be as much as 50 to 100 
percent higher than those on the same types of soils in poorly drained con- 
dition. 


Improving drainage on these soils has its own special problems. A sig- 
nificant amount of the 34.2 million acres having inadequate drainage could be 


classed as wetland types 1 and 2. On these lands, wetland values would be 
further damaged by providing adequate drainage. In addition, many of these 
wet soils lie next to significant areas of wetlands. Improved drainage of 
the presently cropped areas could result in direct drainage of the adjacent 
wetlands or damaging overflows from drainage outlets. Finally, many of these 
areas of wet soils serve to recharge ground water supplies. Improved drain- 
age can reduce recharge and thereby lower the water table. Because drainage 
can have such far-reaching effects, proposals for major drainage programs 
cannot be made until all of the consequences of such actions are understood. 


Scope 


The level of demand placed on our agricultural resource base is determined 
primarily by the domestic population, the standard of living, and the volume 
of agricultural exports. The level of production will be determined by the 
availability and quality of resources available for agricultural production 
and the level of technology. USDA made specific assumptions regarding these 
levels of demand and supply in order to analyze future conditions. Table 
3A-3 summarizes these assumptions. See also chapter 2 for more detail about 
the assumptions and projections that USDA used for this and other sections of 
the 1980 RCA Appraisal. 


Projections of total agricultural production were made using three alterna- 
tive levels of exports: no exports, the 1975-77 average level of exports, 
and a projected level of exports approximately double the 1975-77 level. 
Analyses of conservation options that. considered demand for agricultural 
products for domestic consumption only, therefore, would be realistic only if 
the Nation were willing to forego the export market. See table 3A-4 for 
projections of exports of selected commodities. 


Although the third alternative provides for doubling the 1975-77 level of 
agricultural exports by the year 2030, in the last 3 years the Nation has 
expanded exports substantially beyond this rate. Current USDA data indicate 
that by 1979, exports had already reached about 45 percent of the increase 
projected for 2030. The projected rate of export growth used for the 1980 
RCA Appraisal, therefore, is quite conservative. However, even attempting to 
satisfy the domestic demand and the conservative projections of exports 
places very real stress on available resources. 


In the analysis, it was assumed that agricultural productivity would increase 
by 1.1 percent per year from 1980 to 2000 and by 0.8 percent per year from 
2001 to 2030. The reduction in the acreage required to support each American 
between 1910 and the mid-1970's reflects the influence of technology. The 
first significant reduction in per capita acreage requirements occurred in 
the early 1930's, when hybrid corn was introduced. Another major reduction 
occurred between the mid 1940's and the mid 1960's, when the per capita 
acreage requirements were reduced by about half as the use of agricultural 
chemicals--both fertilizers and pesticides--increased. Since the mid-1960's, 
the rate of technological improvement has slowed dramatically. Today, about 
1.1 acres of farmland is required to satisfy the needs of each American 
(USDA, 1978a). 


Table 3A-3.--Projection assumptions used for the 1980 RCA analyses 





Factor 1976 2000 2030 
U.S. population (millions) Zone 260.4 30023 
Annual growth rate in agricultural ane Tei 0.8 


technology (percent) 


Agricultural productivity index 116 147 187 
(1967 = 100) 


Table 3A-4.--Projected exports of selected commodities 


Million Historic Projected 

Exports units LORS S71 8197779 2000 2030 
Wheat Bushels 1,082 T5239 1,999 24 lil 
Rice Hundredweight 65 78 188 208 
Soybeans Bushels 606 762 1,436 1,866 
Corn Bushels 1,748 2,196 2,520 35229 
Sorghum Bushels 233 eo 322 413 
Oats Bushels 12 11 fag 26 
Barley Bushels 49 44 79 101 
Export index 

(1967 = 100) 169 216 290 obo 
Export growth rate: 

1976 to 2000 (Percent) ---- ---- J afer ---- 

2000 to 2020 (Percent) ---- aaah ---- 0.6 
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Focus 


Three basic options can help American agriculture attain high levels of 
production: (1) protecting the agricultural resource base, (2) expanding the 
cropland base, and (3) increasing the rate at which technology is developed 
and applied. In choosing an option, one rationale calls for adopting the 
least expensive ways to increase the productive capacity of the resource 
base. A second involves selecting the option that provides the least degree 
of risk and irreversibility. For example, if the productive capacity of a 
soil is reduced through erosion, it will usually not be possible to reverse 
this loss. A third rationale calls for adopting quickly the option that 
takes the longest time to become effective. Only then would other alter- 
natives be implemented. For example, the development and adoption of new 
technologies that could significantly increase average yields are likely to 
take a long time. Therefore, research on new technologies could not be 
delayed for long if higher production were required soon. 


A focus that minimizes risk and irreversibility would give priority to the 
first option--protecting the resource base. If soils are allowed to erode or 
if grasslands are overused or degraded to the point where productivity is 
significantly reduced, it will be impossible, or very time consuming and 
expensive, to restore their productivity. 


Expanding the usable cropland base through drainage and conversion--the 
second option--would probably give the greatest economic return for the 
investment. Positive results would appear soon after installation and, 
therefore, much less of the investment would have to be discounted. On the 
other hand, postponing these measures would probably not cause irreversible 
deterioration of the lands on which they could be applied except where the 
lands were converted to such uses as urban development or water storage. 
Postponing these actions would also delay the potential adverse environmental 
impacts that sometimes accompany them. 


The third option would lead to action first to accelerate the development and 
adoption of technology that increases yields and only then to protect the 
resource base. This type of action requires a long time to show results-- 
much more so than drainage of wet soils on lands now cropped and conversion 
of lands now in other uses. 


Results of the Analysis 


The RCA analysis used the CARD-USDA National Agricultural Linear Programming 
Model (see chapter 7, section B). The model cannot and is not intended to 
duplicate the real world. Because data and analytical constraints always 
limit the realism of a model, the results cannot be taken as absolute mea- 
sures of impacts. Instead, the results indicate the expected direction 
of response and the relative magnitude of that response. 


The model is designed to select the least expensive way of achieving a given 
level of production. For example, if the requirement is to produce 1 bushel 
of corn, the model searches for the location where corn production costs are 
lowest. As progressively higher levels of production are required, the model 
extends corn production into areas where production costs per unit of yield 
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are progressively higher. It adjusts production patterns to reflect where 
the 11 major crops can be most cheaply grown and chooses the most efficient 
use of such factors as fertilizers, land, water, and conservation measures. 


The model also accounts for the effects of erosion on crop yields. Ini- 
tially, a large number of different activities are specified, from which the 
model can select the means for meeting the total agricultural production 
goals. Each activity is accompanied by a cost, an erosion rate, and a 
resulting yield level. The model then selects the least costly means of 
producing the required output. When the required output is small, the model 
can select relatively more of the activities that have low costs, are located 
on soils that have low inherent erosion rates, and therefore experience low 
yield reduction caused by erosion. 


As the required production is increased, however,’ the model is forced to 
select more activities on lands that are inherently more erodible in order to 
satisfy the production objective. Because the yields associated with these 
activities are lower if no conservation practices are used, the model must 
begin to choose between (1) more land with a higher erosion rate and (2) 
fewer acres that have conservation practices installed (and therefore higher 
costs) but that retain their long term productivity. 


Therefore, as demand increases, the model increasingly selects activities 
where conservation measures are applied. This, however, requires that the 
farmer recover the cost of the conservation measures over a 50-year period. 
Further, it requires the assumption that farmers have a 50-year planning 
horizon. Since such an assumption may be unrealistic, the results of the 
various model solutions should be carefully interpreted. Although they show 
that some soil and water conservation practices are cost effective and 
necessary from a social viewpoint, it is unlikely that many farmers would 
adopt them without assistance or incentives. The effect of planning horizons 
on the farmer's perception of costs is discussed later in this section. 


The model also assumes that economic adjustments can be made instantly. In 
reality, of course, instantaneous adjustments are not possible. Regional 
shifts in production or in any large scale economic activity occur gradually. 
Therefore, for RCA analyses, the model was constrained to recognize these 
realities. 


For the year 2000, the model was not permitted to reduce the acreage of any 
crop in any producing area by more than 10 percent from the 1977 base acre- 
ages. For the year 2030, it was not permitted to reduce the acreage of any 
crop in an area by more than 30 percent. No limit was placed on increases in 


crop acreages because the 20- to 50-year period should allow adequate time 
for such increases. 


Alternative Export Levels.--The model analyzed the effects of achieving 
various levels of production. Table 3A-5 shows the effects on the cropland 
resource base of meeting the three alternative levels of exports in an 
"unconstrained future." The "unconstrained future," or “economic optimum" 
solution, is the solution that the model selects as the least costly array of 
cropping and treatment alternatives that will satisfy the demands imposed 
upon the model subject to such constraints as limited shifts in crop acreage, 
availability of resources, and the effects of erosion on productivity. The 
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model selects soil conserving activities and practices only if they are the 
least costly means of meeting total national demand for agricultural prod- 


ucts. 


For each of these export levels, please note again that projections are 


relative, not absolute. Table 3A-6 shows projections of cropland needs under 
all three export levels. 


Oo 


Domestic Needs Only (No Exports).--If domestic needs were met and no 
agricultural commodities were exported, fewer resources would be used in 
2000 or 2030 than are now devoted to agricultural production. Little 
effort would be needed to maintain the cropland resource base at a level 
that would meet demand. Production costs, as reflected by shadow 
prices, would be low. Only 256 million acres would be needed for agri- 


cultural production, and the cropland reserve would be more than 109 
million acres. 


(A shadow price is defined as the marginal cost of the last unit needed 
to meet a specific level of demand. It includes the market price of 
annually purchased supplies, such as seed and fertilizer, plus an im- 
plied cost that reflects the relative scarcity of land and other 
resources not purchased annually.) 


The level of conservation treatment on cropland that is reflected in 
table 3A-5 could be less than at present, representing a disinvestment 
in conservation, and still meet projected demand. In summary, there 
appears to be no problem with the capacity of the resource base to meet 
only the domestic demand through at least 2030. 


The cost of production index and the shadow prices are lower for 2030 
than for 2000. This seemingly odd result occurs because the development 
and adoption of technology with the resultant increases in crop yields 
have the effect of increasing potential output more rapidly than demand 
increases due to domestic population increase and improving levels of 
income. 


Domestic Needs Plus 1975-77 Export Level.--If domestic needs were met 
and exports continued at the 1975-77 level, the pressure on the resource 
base would remain at about the level of the mid to late 1970's. No more 
cropland would be needed through 2030. The increase in domestic demand 
between 1980 and 2030 could largely be met through increases in yield 
resulting from new technology if current levels of soil and water con- 


servation continue. The amount of cropland needed to produce this 
demand level would require about 72 million more acres than for the no 
export situation. Thirty-seven million acres of cropland would remain 


in reserve, however, so the cost of production as reflected by the 
shadow prices would not increase significantly. 


Domestic Needs Plus Projected Exports.--If the projected export demand 


plus domestic needs were met, significant pressures would be exerted on 
the Nation's resources. Production costs, and therefore prices for 
agricultural commodities, would probably increase. By 2030, the cost of 
production would probably be about 285 percent greater than the cost of 
production for domestic needs only and about 158 percent greater than 
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the costs for domestic demand plus the 1975-77 export levels. An ex- 
panded conservation program would be needed to maintain the productivity 
of the soil. About 24 million acres of land not currently used as 


cropland would have to be converted to crop production to meet this 
level of demand. 


Opportunities to Resolve Resource Problems 


Maintenance of Productivity Through Erosion Control on Cropland.--Tables 3A-7 
through 3A-10 show the effects of achieving various levels of erosion re- 
duction on cropland. In these tables, the reduction in erosion is expressed 
as a percentage of reduction from the “unconstrained future," which the model 
estimates for each of the 105 producing areas. Within each producing area, 
some land can be eroding at very high rates as long as the gross erosion 
within that producing area meets the erosion reduction constraint required by 
the model. 


Tables 3A-7 and 3A-8 project conditions for 2000 and 2030 if production is 
sufficient only for domestic needs and for exports at the 1975-77 level. 
Under these conditions, the greatest pressures on cropland are likely to be 
exerted between 1980 and 2000. By 2030, the increase in crop yields re- 
sulting from new developments in agricultural technology is projected to be 
greater than the projected increase in domestic demand resulting from in- 
creases in population and real income. The effects of erosion control will 
begin to have much more influence on crop yields between 2000 and 2030. 


The change in cost of food production necessary to attain a given level of 
erosion reduction is higher for the 20 year planning horizon than for the 50 


year horizon. For example, the cost of food production in 2000 while 
achieving a 30 percent reduction in erosion is 89 percent greater than the 
cost projected for the unconstrained future. Achieving the same erosion 


reduction rate by the year 2030 increases the cost of food production by only 
12 percent. Also note that the unconstrained future for 2030 shows erosion 
levels on cropland to be about 1.24 billion tons, whereas the unconstrained 
future for 2000 shows a gross sheet and rill erosion level of about 1.49 
billion tons annually. Higher levels of erosion reduction are more cost 
effective in maintaining productivity over the longer period because the 
effect of erosion on yields is cumulative over time. Also, at the relatively 
low demand level, farming more land and increasing the use of fertilizers and 
pesticides is cheaper than installing conservation practices, particularly in 
the relatively short time between now and 2000. 


The pressures on soil resources and the cost effectiveness of installing soil 
conservation measures to maintain productivity increase dramatically at the 
production level needed to meet domestic demand plus the projected export 
level (tables 3A-9 and 3A-10). For example, reducing erosion uniformly in 
all producing areas by 40 percent failed to change the cost of food and fiber 
production for the projected export level, while reducing erosion by 30 
percent increased food and fiber costs by 4 percent at the 1975-77 level of 
exports. This indicates that in the case of high demand, when the costs of 
the added production must be borne, the specified level of erosion can be 
attained by using either an extensive acreage of low yielding land or lesser 
amounts of more productive land that is protected by conservation practices. 
Under both approaches, the per unit costs of production tend to be equally 
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high. In the case of lower demand, the added cost of attaining the specified 


level of erosion is simply an add-on cost that would not otherwise have been 
incurred. 


In order to determine the impact on future potential productivity if current 
levels of erosion are continued, USDA analyzed the situation if domestic 
demand plus projected export levels were met and the model was required to 
produce the current level of erosion. The results are shown in table 3A-10 
for comparison with the unconstrained future and with erosion reductions of 
20, 40, and 60 percent. If the current levels of erosion were allowed to 
continue over the next 50 years, erosion would cause a loss in productive 
capacity equivalent to the loss of 23 million acres of cropland, almost half 
the loss expected because of competing demands, such as urban development. 
This loss of productivity would cause the costs of food and fiber to be 
nearly double those under the unconstrained future. In addition, the acreage 
of cropland with erosion of more than 5 tons per acre per year would be over 
34 million acres greater than for the unconstrained future. 


Reducing erosion by 60 percent from the unconstrained future level results in 
annual erosion of only about 0.5 billion tons annually. Reducing erosion on 
cropland from the present level of about 2 billion tons annually to about 0.5 
billion tons annually (75 percent reduction) would require a significant 
change in the use and mix of management practices. For example, the amount 
of chemical herbicides and pesticides that the model predicted would be used 
increased about 28 percent over the amount needed at the 1977 erosion rate 
and was 47 percent more than the unconstrained solution. More chemicals 
would be used because reduced tillage would be used more. See table 3A-10. 


Soil losses now exceed 5 tons per acre per year on about 97 million acres of 
cropland (USDA, 1978b). A reduction to 0.5 billion tons per year nationally 
would leave only about 5.6 million acres eroding at a rate greater than 5 
tons annually. 


The tables show that generally the most cost effective way of reducing ero- 
sion is through the use of conservation tillage and contouring. The model 
uses these measures first if it is asked to provide for erosion reduction. 
The model projects the use of more expensive measures, such as stripcropping 
and terracing, only when less expensive measures will not achieve the level 
of erosion reduction requested. 


The costs of achieving various levels of reduction in erosion are reflected 
in the shadow prices (marginal cost) of production given in the tables. For 
example, in table 3A-10 the shadow price of producing a bushel of corn shows 
relatively little change if erosion is reduced 40 percent but increases by 
$0.33 if erosion is reduced 60 percent. The shadow price of producing a 
bushel of wheat increases only from $4.26 to $4.47 if erosion is reduced 40 
percent but increases to $5.14 if erosion is reduced 60 percent. The tables 
show that the costs of reducing erosion by about 40 to 50 percent below the 
unconstrained future are relatively low. The costs increase rapidly, how- 
ever, if erosion is further reduced. The results of this analysis correspond 
closely to those of a study done in Texas (Renau and Taylor, 1979) and to 
other studies (see figure 3A-2). 
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Figure 3A-2.--Cost effectiveness and marginal cost for reducing sediment 
delivery on a Texas example farm, 1979. (Renau and Taylor, 1979) 
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The fact that the level of erosion in the unconstrained future is sig- 
nificantly lower for 2000 and 2030 than it would be if present erosion rates 
continue indicates that it is in the economic interest of society to under- 
take erosion control programs. However, those actions that make economic 
sense to society over a 50-year time period often are quite different from 
those that make sense to a land user who takes a much shorter view. Many 
land users are reluctant to undertake investments with a payment period 
longer than 5 to 10 years. Because a 5- to 10-year planning horizon is more 
realistic to the land user, some public investment is likely to be necessary 
to implement practices that have payback periods of more than 10 years. 


The following example illustrates the loss of value of productivity caused by 
erosion and sets the stage for a consideration of personal versus social 
discount rates and planning horizons. USDA analyzed data from more than 
1,100 published soil surveys and found that the potential decline in yields 
of corn is about 3 bushels per inch of topsoil lost. In table 3A-11, USDA 
made the following assumptions: the soil is subjected to an average erosion 
rate of 15 tons per acre per year; corn has a value of $2.00 per bushel; in 
its uneroded state, the soil is deep and has a potential yield of 143 bushels 
per acre; and a soil loss of 15 tons per acre per year amounts to 1 inch of 
erosion in 10 years. These assumptions reflect typical conditions throughout 
the Corn Belt. In the example, the cumulative loss in productivity is 375 
bushels of corn. At $2.00 per bushel, the reduced yield costs the farmer 
$750 per acre over the 50 years. Since 50 years of erosion at 15 tons per 
acre per year means that 750 tons of soil are lost from each acre over the 
period, the undiscounted average annual loss to the farmer is only $1 per 
ton, or $15 per year. 


Table 3A-11.--Effect of erosion on cumulative corn production 
over 50 years 


Number of years over which erosion continues 


0 10 20 30 40 50 
(Bushels) 
Per acre yield at 143 140 ike 134 wo 128 
start of period. 
Production lost due 
to erosion which 
occurred during: 
Ist 10 year period 15 30 30 30 30 
2nd 10 year period Ts 30 30 30 
3rd 10 year period 15 30 30 
4th 10 year period 15 30 
5th 10 year period I) 
Cumulative production lost 15 45 (he 105 135 


for each 10 year period. 


rr nnn Ut 
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It should first be noted that the annual loss of corn production is quite 
small relative to the amount produced, that it occurs mostly in the future, 
and that it can be masked by a much greater annual variation in yields due to 
weather. Given these factors, it is not surprising that a farmer may view 
erosion control as not worthy of a significant investment. 


Table 3A-12 and 3A-13 show how discounting and planning horizons affect the 
perception of the value of soil productivity loss due to erosion. For ex- 
ample, if society has a 50 year planning horizon and a discount rate of 4 
percent, the average annual value of production lost because of the loss of a 
ton of soil is $0.71. In contrast, a farmer who has a planning horizon of 10 
years and a 15 percent discount rate perceives the loss to be equivalent to 
about $0.18. The difference between these two values ($0.53 per ton) could 
be considered to be the minimum amount that society as a whole must pay if 
voluntary erosion control is to work. 


Improving Deteriorated Range Condition and Grazing Management.--Rangeland in 
poor or fair condition is usually the result of years of overuse or of ab- 


normal and severe disturbances, such as drought. USDA estimates show con- 
siderable recent improvement in range condition. See chapter 3, section C, 
of Part I of the 1980 RCA Appraisal for details. 


Range condition reflects the present plant community of a range site as 
related to the potential plant community for that site. Although it does not 
automatically indicate the value of a plant community for livestock pro- 
duction, there is usually a high degree of correlation between range con- 
dition and the overall health of the range. A site in good or excellent 
condition produces more forage than one in fair or poor condition. 


McCorkle and Heerwagen (1951) made a survey of representative commercial 
cattle ranches in the Great Plains section of Colorado and New Mexico to 
determine the influence of range condition on livestock production. Ranches 
having average good range condition marketed 14.3 pounds of cattle per acre, 
those having average fair condition, 11.2 pounds per acre, and those having 
average poor condition, 8.9 pounds per acre (table 3A-14). 


Reducing Brush and Weed Competition.--The 1973 SCS rangeland survey (Bred- 
emieir, 1973) showed that dense brush infests 91.5 million acres, or 22 


percent of the nonfederal rangeland in the United States. Unwanted brush and 
weeds significantly reduce the productivity of range. For example, mesquite 
grows on about 93 million acres in the Southwest, and it reduces the overall 
yield of range products by an estimated 30 percent (USDA and EPA, 1979). 
Cable and Martin (1975) found in Arizona that controlling mesquite increased 
the growth of perennial grass by 52 percent. Similar results have been 
reported following control of juniper, oak species, and sagebrush (Aro, 
1971). 


Research and Technology Development.--The rate of development of technology 
will significantly determine the capability of the Nation's agricultural land 
to meet future demands for food and fiber. Production of the four most 
extensively grown field crops (corn, wheat, soybeans, and sorghum) in the 
United States increased 82 percent between 1959 and 1978. This was ac- 
complished partly by increasing the harvested acreage of these crops by 29 
percent, or 47 million acres. During this period, however, average yields 
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Table 3A-12.--Discounted value of production loss for a 50 
year planning horizon 


Present Average annual 
50-year value of value of loss-- 
Interest amortiza- increment Annual 
rate tion factor annuity increment Per acre Per ton 


SSS ae 


0 0.020 1250.0 0.60 15.00 $1.00 
4 0.097 382.6 0.60 10.69 OF 
7 0.072 186.7 0.60 8.07 0.54 
10 0.100 104.8 0.60 6.29 0.42 
12 0.120 7601 0.60 5.48 OF S7 
i) 0.150 306 0.60 4.57 0.30 


Table 3A-13.--Discounted value of production loss for a 10 
year planning horizon 


Present Average annual 
10-year value of value of loss-- 
Interest amortiza- increment Annual 

rate tion factor annuity increment Per acre Per ton 
0 0.100 250.0 0.60 15.00 1.000 
4 Oni23 41.992 0.60 3.10 0.207 
7 0.142 34.739 0.60 2.96 0.197 
10 0.163 29.036 0.60 2.84 0.189 
12 Ved 25.904 0.60 Zeiss 0.183 
15 0.199 21.998 0.60 203 02175 


nl IEEE 
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Table 3A-14.--Range condition and beef production on selected breeding 
cow ranches in Colorado and New Mexico, 1951 





Average Stocking Average 
range rate production 
Ranch condition Type of operation per AUM per acre 
(Acres ) (Pounds ) 

i Good Cow-calf-yearling; some steers B39 ik 
purchased 

"A Good Cow-calf 22 yz 

3 Good Cow-calf-yearling; some steers 2a7 16.0 
purchased 

4 Good Cow-calf-yearling 209 byao 

5 Good Cow-calf-yearling eral 1736 

Weighted averages 2.8 14.3 

6 Fair Cow-calf-yearling 220 oe] 

7 Fair Cow-calf-yearling SL 1250 

8 Fair Cow-calf; some yearling Sew; > ee 

9 Fair Cow-calf; some yearling 3.0 10.1 

10 Fair Cow-calf-yearling; some steers 2.8 LTS! 
purchased 

Weighted averages Se ol Pie 

11 Poor Cow-calf iS 5.8 

TZ Poor Cow-calf-yearling VEATE TPs 

Weighted average 2.9 8.9 

Weighted average all ranches 3.30 11.9 


Source: McCorkle and Heerwagen, 1951. 
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for these crops increased by 42 percent (USDA, 1979). Better methods of im- 
proving soil fertility undoubtedly helped achieve this record. Yields in- 
creased steadily through the 1960's, a period when the acreage under cul- 
tivation did not increase. Between 1970 and 1977, the harvested acreage of 
these four major crops increased by 51 million acres, and with the exception 
of wheat, yields have continued to increase. 


Even if average crop yields increase about 50 percent by the year 2030, there 
will still be heavy pressure on the Nation's soil and water resources if it 
attempts to satisfy any significant level of export demand. In order to 
realize this increase in yields, it will be necessary to develop technology 
at the rate of 1 percent or more per year. Such development will require a 
vigorous and highly directed research effort. Among the areas to which this 
research should be directed are: 


Oo Soil testing and interpretation.--Soil tests and the ability to predict 
the results of these tests must continue to be improved so crops can 
efficiently use fertilizer and so pollution of surface and ground waters 
can be prevented. Continued research is needed to determine how to 
adjust soil test recommendations to the different management factors 
applicable on thousands of kinds of soil. This requires commitment to 
continuous, long-term field experiments on key soil types to provide the 
needed data base. Soil test interpretations are no better than the 
field experiments on which they are based. 


fe) Soil moisture.--A better understanding of soil moisture relationship is 
critical to more efficient management of our soil and water resources. 
Among the areas that must be explored are: 


de Soil moisture information that is accurate and applicable over an 
identifiable general area (producing area, for example). 

2Zis Response of specific crops to soil moisture stress at critical 
times during crop growth. 

oe Response to moisture stress of specific crops that are drought 


resistant or that have high regenerative abilities, and are im- 
portant economically (soybeans, for example). 

4. Soil moisture movement in unsaturated conditions in the soil matrix 
over areas the size of several counties. 

De Water budgeting techniques that accurately display what is oc- 
curring below the soil-air interface. Remote sensing will soon 
provide good information on soil moisture at the interface. How- 
ever, sampling stations and budgeting are needed to accurately 
portray soil moisture conditions below that mtertace: 


0) Genetics and physiology.--Genetics determine a crop's potential, and the 
environment determines the degree to which this potential is achieved. 
Yields are determined by the interaction of the crop's genetics with 
environmental factors, including the availability of elements essential 
for plant growth. 


Relatively few studies have looked at the total nutrient uptake of 
varieties of hybrids. The few studies that do exist reveal that there 
are differences among varieties in the ability to absorb, translocate, 
or metabolize various elements. In some varieties, elements are ex- 
cluded by roots. In others, they may be absorbed but not translocated 
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to one or more plant parts. Changes in variety can require adjustments 
in soil fertility levels and even in interpretation of soil tests. 


) Availability of nutrients.--The availability of nutrients is determined 
by factors that affect the ability of the soil to supply nutrients and 
by those that affect the plant's ability to use the nutrients. Nu- 
trients obtained from the soil are derived through weathering of primary 
minerals, decomposition of organic matter, deposition from the atmos- 
phere, application of fertilizer, seepage from other areas, and other 
sources. Once introduced into the soil, the nutrients are available to 
varying degrees. 


Until the past few decades, most farmers used manure and nitrogen-fixing 
legumes to maintain soil fertility. In the past two decades, however, 
they have shifted to chemical fertilizers as a source of plant nu- 
trients. As the expected rapid increases in the cost of energy drive 
the cost of chemical fertilizers upward, efforts are needed to ensure 
that the correct amount of fertilizer is applied at the right time. 
Further, research should be directed towards improving use of manures 
and nitrogen fixing crops in supplying plant nutrients. 


) Soil and water conservation.--Soil and water conservation measures can 
generally be grouped into three categories: (1) those that change land 
use from row crops to permanent vegetation in critically eroding areas, 
use crop rotations that contain more sod crops and small grain crops and 
fewer row crops, or use alternate strips of sod and row crops (strip- 
cropping); (2) those that use alternative cultural practices for crop 
production, such as conservation tillage, no-till double cropping, 
no-till sod planting, mulch tillage, and such solid-seeded row crops as 
soybeans, so that much of the soil surface is protected by residue most 
of the year; and (3) those that use practices and structures such as 
contouring, terracing, sod waterways, streambank stabilization, grade 
control structures, and sediment basins and ponds. 


In most places, combinations of land use changes, cultural practice changes, 
and structures work best to keep soil erosion rates within allowable limits. 
Research should be undertaken to determine which combination of measures is 
most efficient and effective for a particular resource and use condition. 


To accomplish this, it will be necessary to better define the interrelation- 
ships among cultural practices, climate, soils, and crops. For example, 
among the problems associated with the use of conservation tillage are re- 
duced yields in some regions, lack of effective pest control, and reduced 
fertilizer efficiency. These problems must be resolved before many farmers 
will accept conservation tillage. The environmental impact of the various 
alternatives must be studied to ensure that the solution to an excessive 
erosion problem does not create other serious environmental problems. 
Finally, economic comparisons are needed among alternative solutions so that 
public funds can be used most efficiently and effectively. 


Expanding the Resource Base.--There are a number of currently feasible al- 


ternatives available for expanding the size or capability of the resource 
base. First, there is an opportunity to convert nearly 135 million acres of 
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land that is currently in other uses but has medium to high potential for 
conversion to cropland. In all cases, the costs of conversion plus the 
values in the current use must be weighed against the potential need for and 
value of its use in agriculture. Unless program actions regulate the future 


use of this land, economic market forces will largely determine which land is 
converted and at what rate. 


Second, the improvement of drainage on the 34.2 million acres of cropland 
that currently needs such improvement will be subject to similar market 


forces. The economics of improved onfarm drainage facilities are generally 
good, and it is likely that land users will readily invest in drainage 
facilities in response to relatively small increases in farm prices. The 


potential production that could be acquired through improved drainage would 
be equivalent to adding about 20.9 million acres to the cropland base. 


Alternative Objective Levels 


USDA's basic objective is to ensure adequate supplies of food and fiber for 
domestic needs. However, because the United States is an integral member of 
the world community and American agricultural exports are significant in 
world trade, USDA also wants to ensure that agricultural products are ex- 
ported as long as this can be done without destroying our resources. Because 
of these two objectives, USDA established the following objective levels: 


) Objective level 1.--To provide for the production of sufficient food and 
fiber to meet only the domestic needs of our population in the year 
2030. 

fe) Objective level 2.--To provide for domestic needs in the year 2030 plus 
a level of agricultural exports equal to the current level (1975-1977 
average). 

O Objective level 3.--To provide for domestic needs in the year 2030 plus 


a projected increase in agricultural exports. 
Recommendations for Future Analysis 


There is a continuing need to monitor the amount of soil and water con- 
servation measures installed as well as their economic and environmental 


effects. Data on these effects can be combined with the inventorying and 
monitoring data that are being continually updated and improved for future 
RCA activities. There is also a need to gather information on the socio- 


logical and institutional factors that influence land users to decide whether 
or not to apply conservation measures on their lands. This information would 
help USDA better understand the attitudes of land users and managers con- 
cerning the need for conservation. Finally, there is a need to link 
practices, effects, and the sociological and institutional factors in order 
that more efficient programs of the proper size and scope can be developed to 
assure that the productive capability of our soil and water resources will be 
maintained. 
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Section B-Potential Problem Area 2, Water Quality 


Problem Statement 


For the purposes of the Resources Conservation Act (RCA), water quality is 
defined as the presence or absence of pollution in the waters of the United 
States. Section 502 of the Clean Water Act Amendments of 1977 defines pol- 
lution as "the manmade or man-induced alteration of the chemical, physical, 
biological, and radiological integrity of water." It is clear from this 
definition that water quality is-- 
(1) a very broad and complex problem area. 
(2) a function of man's value system, depending on the use that he 
makes of water. 
(3) limited, as a problem area, to degradation of water as a result of 
man's activities, and does not include natural or background de- 
terioration of water quality. 


In the Federal Water Pollution Control Act Amendments of 1972 (Public Law 
92-500), Congress established national water quality goals in order "to 
restore and maintain the chemical, physical, and biological integrity of the 
Nation's waters." These goals are: 

(1) To eliminate the discharge of pollutants into navigable waters by 
1935. 

(2) To achieve a level of water quality by July 1, 1983, that protects 
and helps propagate fish, shellfish, and wildlife and provides for 
recreation in and on the water. 

(3) To prohibit the discharge of pollutants in toxic amounts. 


Pollutants covered in the analysis for RCA are (1) toxics, including 
pesticides and heavy metals (see glossary), (2) nutrients, primarily nitrogen 
and phosphorus, (3) organic wastes, (4) dissolved solids, and (5) sediment. 


Pollution sources and their relative effects on water quality considered in 
this section are (1) point source pollution, (2) urban nonpoint source pol- 
lution, and (3) rural nonpoint source pollution (including individual dis- 
posal systems, agricultural and silvicultural nonpoint source pollution, and 
pollution from abandoned mines). See the glossary for definitions of "point 
source pollution" and "nonpoint source pollution." 


Data Sources and Research.--Data on the kinds or sources of pollutants are 
not uniformly available. The Storage and Retrieval (STORET) water quality 
data bank maintained by the Environmental Protection Agency (EPA) contains 
the most current data on 4,000 indicators and pollutants. STORET will be 
expanded to cover 8,000 indicators and pollutants during fiscal year 1980. 
Public and private groups spend about $275 million annually to collect data 
on water quality. 


Federal research and analyses are carried out primarily under the auspices of 
EPA and the Agricultural Research (AR) and Cooperative Research (CR) offices 
of the Science and Education Administration (SEA) in USDA. Economics, 
Statistics, and Cooperatives Service (ESCS) in USDA also contributes studies 
and analyses on water quality problems. EPA spends about $64 million and 
USDA about $30 million annually on water quality related research (House 
of Rep., 1979). Academic institutions, state agencies, local and regional 
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entities and private firms also conduct research on water quality. There is 
no precise information about the expenditures on research by these nonfederal 
groups. 


The United States has also conducted significant research on water quality 
problems under international agreements, primarily with Canada and Mexico. 
The International Great Lakes Pollution from Land Use Activities Reference 
Group (PLUARG) has completed extensive studies of many important facets of 
water pollution. The Bureau of Reclamation, SEA-AR, and EPA are conducting 
research on dissolved solids in connection with the Colorado Salinity Control 
ACL. 


The Water Quality Problem.--Even if uniform nationwide data were available, 
no one statement could adequately describe water quality because it is judged 
by many standards for many purposes. Meeting nationwide water quality goals 
requires monitoring and controlling a host of pollutants that have different 
chemical, physical, and biological effects. 


In a recent summary of state reports to Congress prepared according to 
requirements of Section 305(b) of the Clean Water Act, EPA indicated that 
water pollution affected 95 percent of the 246 hydrologic drainage basins in 
the United States in 1977 (EPA, 1978). This oversimplifies the situation, 
however, in that a basin identified as "affected" may not be affected in its 
entirety; pollution may be limited to one or two short segments. On the 
other hand, failure to report a problem does not necessarily mean that the 
basin is free of pollution; monitoring data may be lacking or state officials 
may be reluctant to identify a problem. This lack of data is particularly 
true where potential carcinogens or other toxic pollutants are present. 


Different types of pollution degrade water quality in different ways. 
Efforts are now shifting toward control of toxic pollutants. Traditionally, 
however, control has focused on the most noticeable forms of pollution. 
These include bacterial contamination, which can make waters unsafe for 
recreation and for shellfish harvesting; oxygen depletion, which can kill 
fish; excessive discharges of nutrients, such as nitrogen and phosphorus, 
which can encourage nuisance growths of algae and other aquatic plants; and 
excessive levels of suspended solids, which can be unsightly, destroy aquatic 
habitats through sedimentation, and directly damage fish (figs. 3B-1 through 
3B=3). 


Bacteria, oxygen depletion, nutrients, and toxics are widespread problems 
caused by both point and nonpoint sources. Nationwide, point sources con- 
tribute to excess bacteria in 78 percent of the basins, to oxygen depletion 
in 79 percent, to excess nutrients in 69 percent, and to toxics in 44 per- 
cent. In the heavily populated Northeast and Great Lakes Regions, these 
percentages are even higher. There, point sources contribute to excess 
bacteria, oxygen depletion, excess nutrients, and toxics in 86, 89, 74, and 
62 percent of the basins, respectively (EPA, 1978,). Bacteria and nutrient 
problems from point sources are generally the result of municipal discharges 
and combined sewer overflows, oxygen depletion is generally caused by muni- 
cipal and industrial discharges, and toxics are usually contained in direct 
and indirect industrial discharges. 
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Across the country, nonpoint sources contribute to excess bacteria in 61 
percent of the basins, to oxygen depletion in 51 percent, to excess nutrients 
in 56 percent, to pesticides in 22 percent, and to other toxics (metals from 
urban runoff and mining) in 32 percent of the basins. The primary nonpoint 
sources that cause these and other problems are agricultural runoff, which 
affects 68 percent of the basins; urban runoff, which affects 52 percent; and 
individual disposal systems, which affect 43 percent (EPA, 1978). 


High nutrient concentrations occur in the Midwest where fertilizer and live- 
stock wastes are principal sources of nitrogen and phosphorus in water. 
Nutrient levels are also high in the waters of urban industrialized regions, 
such as the Northeast and the Great Lakes Regions, where municipal sewage, 
urban runoff, and industrial wastes commonly contain nitrogen and phosphorus. 


Improperly treated sewage, sewer overflows, poorly operated septic systems, 
ships and boats, and livestock are major sources of bacterial pollution. 
Water bodies with excessive levels of fecal bacteria cannot be used for 
swimming, boating, or fishing because of the threat of waterborne disease. 
As figures 3B-2 and 3B-3 show, the worst bacterial pollution problems are in 
areas of high human or livestock population, such as the Northeast and the 
Ohio, lower Missouri, and Mississippi River Basins. Problems are least 
severe in the Great Plains, the High Plains, the Northwest, and the Atlantic 
Coastal Plain, where population densities are generally low. Figure 3B-4 
shows the location of fishkill reports for the period 1960-76. It indicates 
the effects of various pollutants, including oxygen depletion, toxics, and 
suspended solids. 


Public opinion surveys continually indicate concern about water pollution and 
a willingness to pay for its control in spite of increasing inflation and 
frustrations over federal regulations. See Part I of the RCA Appraisal, 
Chapter 13, page 13-23. 


Point Sources of Pollution 


There are about 75,000 point sources of water pollution in the United States, 
primarily municipal waste water treatment plants and industrial facilities 
that use streams and lakes to dispose of wastes. These point sources re- 
stricted the intended uses of water in 91 percent of the basins across the 
Nation in 1977. Common pollution problems were oxygen depletion or presence 
of excessive amounts of suspended solids, bacteria, oil and grease, heavy 
metals, and toxic chemicals. Point sources also cause thermal pollution (see 
glossary), pH problems, and excessive levels of nutrients (fig. 3B-5). 


Industrial discharges.--Industrial discharges cause oxygen depletion and 
contribute to excessive levels of suspended solids, oil and grease, heavy 
metals, and toxic chemicals. Some types of industrial effluent also cause 
thermal pollution and pH problems. For example, discharges of water used for 
cooling in electric power plants can elevate receiving water temperatures to 
levels that significantly affect aquatic life. Oxygen-demanding wastes are 
present in runoff from sawmills; pulp, paper, and fiberboard manufacturing 
plants; fruit and vegetable canning factories; meat slaughtering and 
processing plants; and similar sources. Table 3B-1 shows estimated pollution 
loadings from selected agricultural processing industries. 
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None Reported 
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More than 900 
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Figure 3B-4.--Fishkills from 1960-1976, within counties. 
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Table 3B-1.--Estimated pollution loadings of selected agricultural processing 


Processing industry 


() 


CANNERIES: 


@anning (totval)=———- -- 
CORN WET MILLING. ___-_--- 


coTron (processed through 
basic dyeing step). 


DAIRY: 


Rinicd mild... 222 — 
Evaporated milk 
INGO coe - eres ee 
Cheddar cheese_ --_--__- 
Cheddar whey (dried) -- 


Cheddar whey-_-.----- 


Cottage cheese__-_----- 
Cottage cheese whey--- 


HIDES AND LEATHER_----_-- 
MEAT: 


Slaughtering and 
packing. 


PAPER AND PULP: 


Wioodspulp 22 3. see 
Paper and paperboard_- 


POTATOES: 


Pp 
Dehydrated. = 25 o=- == 
Flour and starch_-_---- 
Frozen french fries_ - -- 


POULTRY 3. eee == See === 
SOAP AND FATTY ACIDS_---- 
SOYBEAN 


SUGAR REFINING: 


WOOL SCOURING. ---------- 


1 Hoover, S. R., and Jasewitz, Leonore B. Agricultural 
Processing Wastes. Presented at Amer. Assoc. Adv. Sci. 
Symposium, Washington, D.C., Dec. 27, 1966. 


industries 1/ 


5-day BOD 
Annual 
production Data in literature 2 
(2) (3) 


Million pounds 


T, 21S eee 32 gal. 3,600 p.p.m. BOD per case (24 
No. 2% cans). 
2.9 (0 aeene= 50 gal. 2,000 p.p.m. BOD per case (as 
above). 

2, 364_____ 19.5 lb. BOD per ton corn processed__-_-_ 
Oi, 9 Eee 8.4 lb. BOD per ton tomatoes processed_ 
107800 See lt bus — 1-2) Deen ee eee eee 
PE 
ANGOQE==2— Sizing Wee ees eee cheer een eee es JE a 2 
Desizing ee aes eee. ee 96 
FOLCT ING eeaae eee ee erase eS 108 
Bleaching eeses 5 semen ns 5 a ee 17 
SCOUT o Meneame as eee = Vee 12 
IMercerizing = eae - 2 Soe eee 83 
IBasicrclyeinpaes= see. oe 90 

(per 1,000 lb. goods). 
598000 Sane 2. _,.. eae ee ee ee oe ae ere 
iL eet ee se O59) ewe 2 ee, ee eRe Toe 
Qld Oe ae 25) Sane... eee a Be oe. EE ae 
Ia (oe DAVES ape, 5 Ae RS Tt ee hee 
2OGpeT Cen Game i. Ope eee en eee See eee 

of total. 
Rojee | BOUL. 2) eee eee eee ee 
of total. 

1424-5" ee 2.5) (3 Re ee teens Ce ee 
UO. Seen SE Oa pete ne, Re Weer ae er a 
IES OO Re sees 650 gal. 1,500 p.p.m. per 100 lb. hides-__- 
59,400__-_- 14 lb. BOD per 1,000 lb. live weight - --- 
66,000__.. 300 1b. BOD per ton of pulp_--------- = 
96,600___. 68 1b. BOD per ton of paper-------- ee 
ih 29.3 lb. BOD per ton raw potatoes -- - - - 
De ee oe 71.1 lb. BOD per ton raw potatoes _ - - - - 
3.2____._._ 57 1b. BOD per ton raw potatoes------- 
OLAw eee 8 = 22 lb. BOD per ton raw potatoes_------ 
Sh PAU OR eye Soba BOD per,000 birds 2. ---.-- = 
THA) (= Ee 1.75 lb. BOD per lb. soap made- - -- -- -- 
27,200..-- 1.7 lb. BOD per 100 bu--------------- 
48, 000.... 5.31 lb. BOD per ton_---.------------- 
47,000.... 6.64 lb. BOD per ton----------------- 
RYO Ls ees 8 gal. 4,000 p.p.m-_.------------------ 


‘Milk equivalent. 


3=5/, 


2 PE= Population equivalent. 
3 Pounds BOD/10,000 lb. milk equivalent. 


Lb. BOD Potential 
per 1,000 lb. daily 
processed load 
(4) (5) 
1,000 pounds 
13.3 44 
20. 8 169 
9.8 63 
4,2 113 
at ene 1, 370 
4.5 133 
68 857 
10 162 
AAs) 11.6 
426. 4 157 
424.5 Hos 
2, eer 9.7 
Paes ete 500 
4 26.5 64. 5 
4165 1, 000 
81 300 
14.0 2, 300 
150.0 27, 000 
34.0 9, 000 
14. 6 106 
35. 6 93 
28.5 91 
11.0 57 
10.0 225 
1, 750. 0 3, 700 
19 14 
hav. 3.0 800 
267 100 


Potential 
daily 

population 

equivalent 


(6) 


Millions 


0. 26 
1. 02 
. 38 
. 68 


. 80 


T3a7 


162.0 
54 


As would be expected, the Northeast and Great Lakes Regions have the greatest 
problems with industrial discharges (fig. 3B-6). Industrial discharges 
affected 88 percent of the basins in these two regions, as compared to 65 
percent in the rest of the country, and only 23 percent in the Southwest 
Region (table 3B-2). 


Table 3B-2.--Percentage of basins wholly or partly affected by point 
source pollution, by type of source 


Combined sewer 





Region (Number of basins) Industrial Municipal overflows 
Nogtheast 4040) -_- oo 95 95 60 
Southeast (47)-=-----<---<=----- 74 pl 17 
Great Lakes’ (41)------3.-—- = =— 80 95 37 
North Central (35)------------ 74 86 6 
South Central (30)--=-==------ 70 100 0 
Southwest ((22)-=<s--=-<"==<--= ws 64 0 
Northwest (22)-==--==--<------- So 73 14 
Islands (9) <?en--ss2r->----——— 89 100 0 

Total (246)=----=---=---- 72 89 21 


The type of water pollution from industrial point sources also varies by 
region. In the Northeast, Great Lakes, and North Central Regions, heavy 
metals, toxic chemicals, and other industrial chemicals from heavy industries 
are much more extensive than in the Southeast and Northwest Regions, where 
much of the industry is food and timber processing. The wastes from these 
industries are more organic and more likely to cause problems with oxygen 
demand and excessive nutrients, although the pulp and paper industries also 
discharge some toxic materials. 


In the Northeast, Great Lakes, and North Central Regions, heavy metals from 
point sources affect 55 percent of the basins and nonmetal toxics affect 42 
percent (table 3B-3). In the rest of the country, heavy metals from point 
sources affect only 23 percent of the basins and nonmetal toxics affect only 
15 percent. The relative magnitude of toxics problems in the "heavy 
industry" regions, however, is much greater than the percentage of affected 
basins would indicate. 


A classic illustration of the effects of heavy industry on water quality is 
the severe degradation of the Mahoning River as it passes through Warren and 
Youngstown, Ohio, both major steel centers. In this stretch of the river, 
there are large increases in lead, zinc, and phenols, all toxic pollutants 
that can severely harm aquatic life. Improvement is expected as plants along 
the river begin treating waste water. 


Municipal discharges.--Municipal discharges generally include inadequately 
treated sewage. Where discharge from a municipal plant is causing a problem 
because an industrial discharge into that plant has not received adequate 
pretreatment, states usually report it as an industrial discharge problem. 
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The pollutants in municipal discharges that most often cause problems are 
fecal coliform bacteria, oxygen-demanding loads, and nutrients such as 
phosphorus and nitrogen. These pollutants cause the most widely reported 
water quality problems from point sources (table 3B-3). The states attri- 
buted the degraded water quality in many basins that is caused by excess 
bacteria, nutrients, oxygen-demanding loads, and suspended solids to a com- 
bination of different types of point source discharges. 


Municipal discharges affect water quality in 89 percent of the basins across 
the country (table 3B-2). As would be expected, the more heavily populated 
regions generally have a higher percentage of affected basins. Even in the 
sparsely populated Southwest Region, 64 percent of the basins have some 
problems from municipal discharges (fig. 3B-7). Most of these problems are 
caused by inadequate treatment or overloaded plants, and the states expected 
that most will be resolved as grants for construction become available and 
treatment facilities are upgraded. 


Combined sewer overflows.--Combined sewer overflows occur when excessive 
runoff from rain joins normal sewage flows in systems where storm and sani- 
tary sewers are combined. The resulting overflow discharges pollutants from 
both the sewage (mostly bacteria, nutrients, and oxygen-demanding loads) and 
the urban runoff (mostly suspended solids, heavy metals, and oil and grease). 
These discharges can severely degrade water quality. Combined sewers are 
generally located in older cities and, therefore, problems from combined 
sewer overflows occur primarily in the Northeast and Great Lakes Regions 
(fig. 3B-8). Almost half of the basins in those regions have problems from 
combined sewers, as compared to only 8 percent of the basins in the rest of 
the country (table 3B-2). Some states in the Northeast and Great Lakes 
Regions report that combined sewer overflows cause the most serious water 
quality problems in some basins. 


Trends.--Many of the pollution control facilities built during the past 
decade are just beginning to operate. Evaluating their effectiveness 
requires uniform data on plant performance and water quality. Fortunately, 
improved data networks are now providing the means for judging changes in 
water quality. 


Uniform water quality data from a national network of stations cover a period 
of only a few years, so it is premature to characterize trends definitively. 
However, bacteria levels have improved through the third year. Figure S529 
shows levels of fecal coliform bacteria from measurements at National Stream 
Quality Accounting Network (NASQAN) stations during the 1975-77 "water years" 
(see glossary). The "violation rates" shown in the figure are the percentage 
of measurements in which concentrations of fecal coliform bacteria exceeded 
the recommended maximum for safe swimming, which many states and the Council 
on Environmental Quality (CEQ) define as more than 200 cells per 100 milli- 
diters of water. (There is no legal uniform national standard; local 
standards vary with water use and local laws and sometimes differ from 
nationally recommended criteria.) Improvement is apparent in several popu- 
lous. regions, particularly in the industrial urban belt south of the Great 


Lakes. 


No similar patterns of improvement are yet apparent for other pollutants, 
although levels of suspended material, nutrients, oil and grease, oxygen- 


356.1 





Figure 3B-7.--Basins wholly or partly affected by municipal discharges in “1977. 
(Affected basins are shaded.) (CEQ, 1978) 
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Figure 3B--9.--Fecal coliform bacteria at NASQAN stations during the 1975-77 
water years. (CEQ, 1978) 
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demanding substances, and other materials should decline as pollution control 
becomes more effective. It should be noted, however, that nonpoint sources 
contribute heavily to excessive levels of some of these substances. 


Table 3B-4 summarizes 3 years' data on stream accounting units (see glossary) 
where there were statistically significant patterns in water quality mea- 
surements. These accounting units were tested at the 90 percent level for 
seven pollutants (CEQ, 1978). The data indicate that the water quality, as 
measured in terms of levels of fecal coliform bacteria, has improved at 7.3 
percent of the NASQAN stations and, as measured in terms of levels of oxygen, 
it has improved at 4.5 percent of the stations. More stations showed im- 
provement than deterioration in these two areas. More stations showed 
deterioration than improvement in measurements of nitrogen, phosphorus, fecal 
streptococci bacteria, and dissolved solids. For all characteristics mea- 


sured, most stations (74 to 93 percent) showed no statistically significant 
change. 


Table 3B-4.--Water quality changes at NASQAN stations, 1975-77 
Percentage of stations reporting-- 


Water quality 
characteristic Improvement No change Deterioration 


Fecal coliform bacteria----- 1A} 88.9 oie) 
iaoeeani.c .LtLocen=-------~— Bee 86.7 eae) 
an. cenit Crogen——-~——-—-----— sae: 83.4 12.8 
eae phospnorus-—---——------ 4.3 ope T2239 
meeeolved .oxyeen-----------— 4.5 92.9 240 
Fecal streptococci bacteria- peas Sie 10.9 
faeso | ved $s0)ids------------ 4.1 74.1 21.8 


a 


Urban Nonpoint Source Pollution 


Pollution in stormwater runoff is a growing problem that is aggravated by 
increasing urbanization. Urbanization changes the hydrologic cycle by ex- 
panding the areas impervious to rainfall. This expansion increases the 
amount and rate of runoff. As runoff flows through urban areas, it flushes 
dust, automobile emissions, litter, and sediment into receiving waters. 


Urban runoff is a primary cause of degraded water quality in heavily popu- 
lated areas. It contains almost every type of pollutant. The most damaging 
are suspended solids and toxics, particularly heavy metals, but urban runoff 
also contains bacteria, oxygen-demanding loads, nutrients, oil and grease, 
and other pollutants. Following are specific examples of problems caused by 
urban runoff (EPA, 1979b). 


O Suspended solids.--Decreasing point source pollution under the current 
federal program will only slightly improve the water quality of the 
lower Charles River (Boston, Massachusetts) because it will not elimi- 
nate stormwater sewers and combined sewers from overflowing at 50 points 
along the bank. Instream treatment primarily reduces loadings of phos- 
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phorus and suspended solids and levels of algae and bacteria from 
upstream. Control of combined sewers and reduction in urban runoff 
loadings are necessary to guarantee water of swimmable quality. 


) Nutrients.--A study of Lake Washington (Seattle, Washington) found heavy 
nutrient loadings, mainly from urban stormwater runoff. 


fo) Oxygen depletion.--In the Potomac River, sewer overflows and urban 
stormwater runoff reduce dissolved oxygen by about 2 milligrams per 
liter (mg/l) for a 5-day period after storms. One rainfall out of four 
causes overflows (assuming point source control). About once a week 
during lower quartile summer flow (see glossary), dissolved oxygen will 
be less than 5 mg/l and about once a month will approach 3 mg/1. 


O Toxics.--A recent study shows that in Milwaukee, Wisconsin, 12 pounds of 
polychlorinated biphenyls, 5,400 pounds of lead, 7,600 pounds of zinc, 
2,100 pounds of copper, and 170 pounds of chromium were available for 
wash-off resulting from a storm. 


Fifty-two percent of the Nation's basins are affected by urban runoff. As 
would be expected, the highest percentage of affected basins (70 percent) is 
in the densely populated Northeast Region, and the lowest percentage (23 
percent) is in the Southwest and Northwest Regions (EPA, 1977). Following 
are specific examples of sources of pollution in urban runoff (EPA, 1979b). 


O Meteorological.--About 37 tons of dust fell per square mile per month in 
Chicago in 1966. 


fe) Traffic.--A study of the Washington, D.C., area found that on a compa- 
rable scale, suspended solids entering water from traffic were 104 times 
greater than those from secondary treated effluent. The loading rates 
of lead from traffic were 1,015 times greater than those from secondary 
treated effluent. These figures are based on runoff from a 2-hour 
storm. 


0) Litter.--According to a study conducted in Washington, D.C., litter 
accounted for about 20 percent of the pollutants entering water from 
StCreeLae. 


fe) Construction.--In Gaithersburg, Maryland, construction caused gross 
erosion of 188 tons per acre per year, of which 73 tons entered streams 
and water bodies. 


Trends.--The magnitude of pollution from urban runoff is shown in figures 
3B-10 through 3B-13. Figure 3B-10 compares point source contributions with 
urban runoff over time. Although control of point sources reduced the 
loading of industrial and municipal discharges, urban runoff still increases 
in severity as a result of the growth of urban areas. If left uncontrolled, 
urban runoff will eventually be the major source of water pollution. Figures 
3B-11 and 3B-12 compare pollution from urban runoff with pollution from 
combined sewer overflows and treatment facilities on an average daily basis 
in 1973 and as projected for 1990. Figure 3B-13 compares pollution from 
urban runoff to pollution from treatment facilities on the basis of the - 
loadings that occur during a single storm (for rainfall of 0.1 inch/hour with 
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Figure 3B-11.--A comparison of urban runoff, combined sewers, and secondary 
treatment in 1973. (Estimated total daily pollutant loadings for the urban- 
ized United States.) Source: National Commission on Water Quality Staff 
Report, January 1976. 


URBAN 
RUNOFF 













TOTAL P 
TOTAL N 
BOD, 


SUSPENDED 
SOLIDS 


SECONDARY 
TREATMENT 













TOTAL P 
TOTAL N 
BOD, 


SUSPENDED 
SOLIDS 





COMBINED 
SEWERS 





TEN THOUSAND TONS PER DAY 


SUSPENDED 
SOLIDS 


Figure 3B-12.--A comparison of urban runoff, combined sewers, and secondary 
treatment in 1990. (Estimated total daily pollutant loadings for the urban- 
ized United States.) Source: National Commission on Water Quality Staff 
Report, January 1976. 
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a peak intensity of 0.5 inch/hour). Both comparisons show that urban runoff 
is a major problem. However, in some situations suspended solids may not be 
as serious a concern as other pollutants. Case histories underline the 
extent and effect of urban runoff. All of this evidence shows that con- 
trolling point sources alone will not achieve national water quality goals. 


Rural Nonpoint Source Pollution 


Nonpoint source pollution in rural areas comes primarily from individual 
disposal systems and from agricultural lands. Runoff carries such nonpoint 
source pollutants as sediment, acid mine debris, and pesticides into streams. 
Nonpoint source pollutants now account for more than half the pollutants 
entering the Nation's waterways (GAO, 1977). 


Individual Disposal Systems.--Table 3B-5 shows that more than 16 million 
households, or about one-fourth of all dwellings, were served by private 
sewage systems in 1970. This number is increasing by about 500,000 units per 
year. Therefore, any control of rural nonpoint source pollution must con- 
sider the increasing number of private sewage systems. Failures in these 
systems pose a significant problem in meeting national water quality goals. 
States reported water pollution from individual disposal systems in 43 per- 
cent of the Nation's basins (fig. 3B-14). In most cases, the problems result 
from inadequate or malfunctioning systems that contaminate surface or ground 
water. 


Table 3B-5.--Dwellings and population served by sewers and on-lot 
sewage disposal systems in the United States, 1970 


Sewage disposal Dwellings served Population served 1/ 
Public sewer----------------- 48,187,675 144,625,187 
Septic tank or cesspool------ 16,601,792 49,826,792 
Ee I is a I 2,904,375 $5716;5872 

UO 6 2 Pee alos 67,693,842 203,168,851 


1/ Assuming three occupants per dwelling. 
Source: 1970 Census of Housing. 


The major pollutants from individual disposal systems are bacteria and, to a 
lesser extent, nutrients. In the Islands and the Northeast Regions, where 
these problems were most widely reported, bacteria from nonpoint sources 
affected 73 percent of the basins, compared to 58 percent in the rest of the 
country (EPA, 1978). However, since bacteria also come from several other 
major nonpoint sources, it is difficult to evaluate the specific impact of. 
individual disposal systems. In addition, 50 of the 176 areawide planning 
agencies view failing septic systems as a major concern and 7 states consider 
failing septic systems a problem. 


Figure 3B-15 shows the geographical distribution of septic systems. States 
where more than 35 percent of the households use these systems are in New 
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England, the Southeast, and the Pacific Northwest. Most states in the North 
Central, Northeast, and Southeast Regions report only slightly lower use of 


these onsite disposal facilities. Only 10 to 20 percent of the households in 
Southwest Region use septic tanks. 


In many counties in New Jersey, New York, California, and other states, more 
than 50,000 households use onsite waste disposal systems, but statewide use 
appears to be less significant. Areas where more than 100,000 households use 
onsite waste disposal systems include the suburbs of New York, Los Angeles, 
and Miami. Figure 3B-16 shows the density of onsite waste disposal systems, 
by county. Table 3B-6 lists the amount of septage generated, by state. 


Future programs for an area must include provisions for adequate disposal of 
septage. 


The Environmental Protection Agency, the U.S. Department of Housing and Urban 
Development, and the U.S. Department of Agriculture all have programs to 
assist small communities with their waste treatment facilities. Many of 
these programs promote innovation in private sewage facilities. If they are 
properly designed and maintained, many innovative facilities are viable 
alternatives to more costly conventional systems. 


In 1977, amendments to the Federal Pollution Control Act (Public Law 95-217) 
recognized the need for more flexible requirements for waste treatment 
facilities. These amendments allow people in rural areas and small com- 
munities to consider alternatives, such as upgrading existing onsite 
facilities, using small waste treatment systems, and establishing small 
regional treatment districts to centrally manage all types of systems. The 
Act now requires that at least 4 percent of the funds for construction grants 
be set aside for rural states. Cost sharing of 85 percent is allowed for 
septic tanks, with soil absorption fields; various add-ons; alternatives to 
septic tanks, such as mound systems, aerobic units, and low-water or no-water 
toilets with greywater treatment systems; and pressure, vacuum, and small 
diameter gravity sewers. 


Federal grants provide $80 million annually to control problems in individual 
disposal systems. USDA provides both technical and financial assistance to 
landowners. The Soil Conservation Service (SCS) gives technical guidance on 
the suitability of soils for septic systems. The 1979 Farmers Home Ad- 
ministration (FmHA) budget for single family housing is $2.867 billion, about 
5 percent of which is spent on individual disposal systems. Present FmHA 
policy emphasizes the use of central sewer and water systems to minimize 
water quality problems. State or local governments are responsible for 
certifying the adequacy of individual disposal systems. 


Agricultural Nonpoint Sources.--There is no definitive nationwide analysis of 


nonpoint source water quality problems. However, estimates in EPA's 
"National Water Quality Inventory, 1977 Report to Congress" indicate that 
nonpoint source pollution is a significant concern (EPA, 1978). For this 


report, many states estimated the nonpoint source loadings of various pol- 
lutants. The report of the National Commission on Water Quality (1976) also 
contained some estimates of the relative magnitude of point source and non- 
point source loadings for a few pollutants. These reports indicate that 
nonpoint sources contribute significantly greater loadings of some pollu- 
tants, especially suspended solids, than do point sources. However, this 
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Table 3B-6.--Estimated household Septage generation, by state 1/ 


(Millions) 
Cubic Gallons Cubic Gallons 
meters per meters per 
State per year year State per year year 
ne ee ee OPP 
Alabama----------- 0.36 96.3. Montana------------ 0.07 G5 
Alaska------------ 0.02 4.7 Nebraska----------- 0.10 2003 
Arizona----------- 0.11 28.6 Nevada------------- 0.02 sh) 
Arkansas---------- Ore. 55.1 New Hampshire------ 0.10 273 
California-------- 0.81 213.3. New Jersey--------- 0.38 TOT? | 
Colorado---------- OF bl 28.3 New Mexico--------- 0.06 16.4 
Connecticut------- 0.34 88.6 New York----------- ie22 32233 
Delaware---------- 0.00 1.0 North Carolina----- 0.65 171.9 
Washington, D.C.-- 0.00 0.11 North Dakota------- 0705 oe 
Florida----------- 0.89 234.5 Ohio--------------- 0.74 194.9 
Georgia----------- 0.45 118.6  Oklahoma----------- 0.19 50.8 
Hawaii------------ 0.05 12.6 Oregon------------- 0.26 69.0 
Idaho------------- 0.09 23.3 Pennsylvania------- 0.93 246.3 
Illinois---------- 0.52 138.7 Rhode Island------- 0.10 2529 
Indiana----------- 0.56 147.4 South Carolina----- OF37 83.6 
lowa-------------- 0.24 64.5 South Dakota------- 0.06 1520 
Kansas------------ 0.16 41.0 Tennessee---------- 0.43 114.3 
Kentucky---------- 0.30 78.2 Texas-------------- 0.62 163.6 
Louisiana--------- 0,27 71.9 Utah--------------- 0.05 1253 
Maine------------- Oa 35.1 Vermont------------ 0.06 lijrat 
Mary land---------- 0,23 60.9 Virginia----------- 0.39 102741 
Massachusetts----- 0.46 122.6 Washington--------- 0.38 101.0 
Michigan---------- 0.80 211.9 West Virginia------- 0.18 46.8 
Minnesota--------- 0.29 76.9 Wisconsin----------- 0.36 92.9 
Mississippi------- 0.20 2 epee WV ONLL DS ee ee 0.02 S70 
Missouri---------- 0.34 89.8 ee ee eG 
Total---------- 15767) 45141691 


1/ Based on pumping a 1,000-gallon septic tank every 4 years. 


type of data should not be the sole criterion for assessing the relative 
effects of nonpoint and point source pollution. The state of Florida, while 
recognizing the importance of nonpoint source problems, points out the fol- 
lowing with regard to its own nonpoint source loading estimates (EPA, 1977): 


Nonpoint sources, in contrast to point sources, are generally 
diffused and may be more readily assimilated by the receiving 
waters than the more concentrated point source loads. In 
addition, nonpoint loads are generally released as pulse loads 
during rainfall events and any associated violations of water 
quality standards may be of an intermittent rather than con- 
tinuing nature. Hence, while estimates of total nonpoint 
pollution loads are necessary to support the evaluation of 
water quality problems, more thorough analysis will be nec- 
essary to determine the relative contributions of point and 
nonpoint loads to specific problem areas. 


Much of the nonpoint source pollution results from agricultural activities 
(EPA, 1978). Sixty-eight percent of the basins in the United States report 
water pollution caused by agricultural activities (tables 3B-7 and 3B-8). 
The North Central, South Central, and Southwest Regions, the Hawaiian 
Islands, and Puerto Rico are most seriously affected by agriculture and 
silviculture (figs. 3B-17 and 3B-18). In these regions, pollution caused by 
agricultural activities affects 85 percent of the basins, compared to an 
average of only 58 percent in the rest of the country. The amount of ground 
water and the number and acreage of lakes significantly affected by nonpoint 
source pollution is unknown. In the Second National Water Assessment most 
regions reported some form of ground water contamination (figure 3B-19) 
(USWRC, 1978). A 1977 General Accounting Office report stated that "agri- 
cultural nonpoint source pollution, if not controlled, will prevent at- 
tainment of the national water quality goals and will continue to grow in 
significance as point sources are brought under control" (GAO, 1977). 


As more food and fiber are grown to meet increasing domestic and foreign 
demand, the use of pollution-causing materials will increase (for example, 
fertilizer, animal and other wastes, pesticides, and irrigation water). In 
addition, more marginal land is likely to be used and farming such land 
produces more agricultural nonpoint source pollutants. This situation will 
worsen if the Nation continues to lose potential prime farmland to compe- 
titive uses and farmers turn more to marginal land. 


The effects of potential agricultural pollutants are described in the fol- 
lowing paragraphs (USDA, 1978). 


) Pesticides.--In the United States, more than 1,800 biologically active 
compounds are sold in more than 32,000 different formulations. The use 
of chemicals, particularly herbicides, to control crop pests and un- 
desirable vegetation has increased sharply in the last three decades and 
is still rising. In 1971, more than 158 million acres of land were 
treated with herbicides, 65 million acres with insecticides, and 7.5 
million acres with fungicides. Farmers used about 60 percent of the 
750,000 tons of pesticides produced in 1977. Although there has been 
a decline in pesticide use recently, the number of acres farmed is 


3-10 


Se ee 


We Ze 6 SI O€ 7G 9¢ LS 19 ----~-----[#}0] 

4y Fa 0 0 0 OOT 4 vad 68 --------(6) Spue{[s] 
0 Ze ¢ 6 ¥T 79 Gc SI 79 -----(@Z) 7saMqIION 
0 LZ 41 val 89 ZE GY 41 9€ -----(7Z) 3S5eMyINOS 
07 Ly € €Z OL LE €9 ev €G -(0€) TezQUaD YANoS 
LE IS 0 02 IS 08 €9 99 69 -(SE) Te1}Ua) qII0N 
SI 7€ 02 LE LZ 9¢ Y 7G TS ---(17) sexeyT qeaig 
€Z IT 7] 6 V7] 7 LS ol 99 -----(1%) }yse=TQNOg 
cal EE cI ST OT 69 €9 €S Of -----(07) 3sS¥9qRI0N 


een Wt ee eC) ee ee ES ya Ss 


S9pTo SITXO] aseai3 Hd SPLITOsS SPpT[OS S]UeTIINN UoTJeTdap etrsqoeg (sutseq 
-T3Saqg pue PpeaTos popued ua3Axo JO ZJaqunu) 

TtO -STq -Sng uoTsay 
ee ee ee eee 
queqn{jTod Aq ‘uotyznT{Tod adinos yutoduou hq paqrazze Ajjzrzed 10 ATToOYM sutseq jo agequadtag--"g-ge aTqe], 
ee eee 
€¥ 91 89 0€ ST GT 6 CG = ------- --------- TeVOL 
68 CC BL 0 0 a6 L9 LQ we nnn nnn---------(6§) SpueTs] 
ce 6 GS A Le €¢ €Z €O 0 worn a--------(77Z) WSaMqQION 
Gt 0 €Z 9€ A 81 0 €@ 0 were -------- -(7Z) }#sSaay Nos 
Ov eT £8 €S €1 £7 0 0S Pecean—-———(0F eles iuaq. noS 
62 6 6€ Ov 9 € 9 Yh Ott MNS FOULED Oe pede \ 
6€ cI 6S T? SI vA Ll 4¢ ~-----------([¥) sayey zear9 
0¥ 6 c9 cI O€ 1 c LG = ------------(/7) Jaqseayqnos 
£9 Ge SS 0¢ OL 0c St OL ------- -~------(04) JseaqqION 


(3U295719qg) 
STE GuIRCENS 77 eae ase  oERDeene mnemeneticoionaetiensie: coco re eS eee oom. Se 


Tesodstp Tesodstp 


Tenptatpuy 


PTETLOS 
“S54 2 en 687s ee eee ee ee See 


goinos Aq ‘uotqn{{od a5a1nos yutoduou Aq paqoazze AT3zI1ed 30 AT[OyM sutseq jo e8eqyuadIag--*/-gE aTtqe] 


a4sea 


9INz[Nd 
-T13y 


Surury 


ainz[Ns 
-TFATTS 


uotjzes 
-~TFTpow 
ITZo0TOIpAH 


uot 9NnI4s 


~U09 


yyounz 
ueqin 


(sutseq Jo taqumu) 
uoTsoy 


~ 

~ 
U 

oe) 





(Affected basins are 


affected by pollution from agriculture. 


wholly or partly 


3B-17.--Basins 
shaded.) (EPA, 1978) 
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Area problems 


Significant ground-water pollution is occurring 


S ; ‘ ; 
NG Salt-water intrusion or ground water is naturally salty 


High level of minerals or other dissolved solids in ground water 


Ea Unshaded area may not be problem-free, but problem was not considered 


A 


* 
Figure 


major 


Specific sources of pollution 


Municipal and industrial wastes including wastes from oil and gas fields 

Toxic industrial wastes 

Landfill leachate 

Irrigation return waters 

Wastes from well drilling, harbor dredging, and excavation for drainage systems 


Well injection of industrial waste liquids 
3B-19.--Ground water pollution problems as identified by federal and 


state regional study teams. (USWRC, 1978) 
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expected to increase and farmers are projected to use 1.25 million tons 
of pesticides in 1985. 


Many investigations have found agricultural pesticides in runoff from 
treated land. Nearly all come to the same general conclusions. Con- 
centrations are very low except when heavy rainfall occurs directly 
after treatment. Generally, less than 5 percent of the total amount of 
pesticides runs off the land during the crop year. Nevertheless, some 
of these pesticides are highly toxic to fish or other aquatic life. 
Many persist in the aquatic environment for a long time, so even very 
low levels of these pesticides are of concern. 


Nutrients.--Farmers used about 49 million tons of commercial fertilizers 
during the fiscal year ending June 30, 1976. These fertilizers con- 
tained roughly 20 percent nitrogen, 5.2 percent phosphorus, and 8.8 
percent potassium. Nitrogen and phosphorus residues can enter surface 
and ground waters in runoff and through leachate losses from animal 
wastes, commercial fertilizer, and crop residue. They can also enter 
surface waters with sediment. About 750,000 tons to 7.5 million tons of 
nitrogen and about 60,000 tons to 600,000 tons of phosphorus enter the 
Nation's waters from all agricultural sources each year. 


The amount of nitrogen and phosphorus entering surface and ground water 
from cropland depends on the application rates of fertilizer, soil 
properties, the amounts coming from natural sources, terrain, crop 
management, and rainfall. Many experiments have determined the amount 
of nitrogen and phosphorus lost to waters under particular agricultural 
conditions. The percentage of total applied nitrogen that reaches 
surface waters ranges from about 15 to 54 percent. Total applied 
nutrients range from 0.03 pound to 8.4 pounds per acre of nitrogen and 
from 0.01 to 0.08 pound per acre of phosphorus. 


Nutrients are also contained in runoff and leachate from animal wastes. 
These wastes are contained in confined units or spread on land. The 
loss varies by geographic area, size and type of confinement unit, and 
type of waste disposal system. If wastes are properly disposed of, 
confined housing of animals minimizes potential pollution. Feedlots are 
the most severe potential polluters. In some small areas, fish farming 
may contribute significant amounts of nutrients to receiving waters. 


Bacteria and organic material.--Livestock produce about 1.2 billion tons 
of wastes annually. Unconfined animal operations use about 40 percent 
of the Nation's land and produce about 50 percent of all livestock 
wastes. When not properly managed, these operations can change the 
composition of the plant cover and the physical properties of the soil. 
Such changes can increase runoff and facilitate the movement of pollu- 
tants to surface waters. These pollutants can elevate the counts of 
indicator bacteria in water. Inadequate livestock management and poor 
-site conditions can also increase the levels of inorganic and organic 
sediments and their associated nutrients and oxygen-demanding materials. 


Sediment.--About half of the sediment delivered to streams and lakes 
comes from cropland (table 3B-9). Sediment deposited in water bodies 


can cover fish spawning areas, clog river channels, fill lakes, reduce 
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light transmission in water, and carry absorbed pesticides and 
nutrients. Fine-grained particles of soil and organic matter, are 
highly susceptible to erosion. They are of particular concern because 
they are likely to transport available pesticides and they can pass 
through many erosion and sediment control measures. The level of sedi- 
ment in streamflow depends on erosion rates, sediment delivery ratios 
(see glossary), and the density of the plant cover. 


Salinity.--About 58 million acres, or about 14 percent of the cropland 
in the United States, are irrigated. The value of crops produced on 
irrigated land is about 25 percent of the total value of the Nation's 
crops. About 90 percent of the irrigated land is in the 1/7 states 
farthest west (excluding Alaska and Hawaii). 


The effect of agricultural irrigation on water quality has received 
major attention only recently. The most significant water quality 
problem that irrigation causes is high salinity. However, irrigation 
also contributes to the levels of other pollutants, such as pesticides, 


Table 3B-9.--Estimated percentage of sediment from different sources 


Sediment source Contribution 
(Percent) 
5 a a ee 40 
SUr@dAamDa NES ten ne eee a 26 
Pasture, and) range land=—=—=7]--"— == 12 
Fores bglants 92 sess = aa a y 
2a a a a a ae 4 
RO Se Sa a ae 3 
Minines-<ssscr- as--~ =F S 2 ae a 1 
COR Ca ae 7 
Total <8 23s “45- nS c6e =o =see 100 


nutrients, and sediment. Leaching of saline soils (both surface and 
subsurface), evaporation, and transpiration are the primary causes of 
increased salinity from irrigation. 


Salinity cannot be easily reduced because much of the salt in water 
comes from natural sources. However, water conservation practices that 
reduce seepage and deep percolation from irrigation and practices that 
reduce incidental consumptive losses can significantly reduce salt 
loading. Existing technology to promote efficient irrigation includes 
improved water delivery systems, onsite irrigation management, and 
improved application systems and return flow management. 


Water percolation contributes significantly to salt loading in western 
streams because it leaches considerable amounts of minerals or salts 
from saline soils. Salinity is significant in about 20 percent of 
the soils in the western states. Erosion in high salt areas, in- 
cluding shales and lakebed deposits, contributes large amounts of salt to 
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streams. Erosion contributes to the 90 to 100 million tons of salt that 
degrade the water supplies in the 11 western states annually. Erosion 


control in these areas could reduce salt loads by more than 2 million 
tons per year. 


Salinity caused $53 million in damage in the Colorado River system in 
1973. By the year 2000, this damage is expected to reach about $124 
million if no control measures are applied. The Bureau of Reclamation 
recently estimated direct and indirect economic losses at about $230,000 
for each increase of 1 mg/l in salinity at the Imperial Dam. 


Silvicultural Nonpoint Sources.--Most states indicate that they do not have 
enough data to determine the exact extent of pollution from silviculture, 
particularly from logging activities. Available data do not show that sil- 
vicultural activities contribute heavily to water quality problems. However, 
there are local problems caused by poorly located and constructed logging 
roads and skid trails and by poor management in clearing or preparing sites. 
In problem areas, runoff causes sedimentation and can also add oxygen- 
demanding material, nutrients, and pesticides to the water. Pollution 
problems from silviculture occur primarily in the Southeast and Northwest 
Regions (see table 3B-7 and figure 3B-18). 


Sediment is the primary pollutant from silviculture. However, sediment from 
silviculture is less than 4 percent of the man-caused sediment in the 
Nation's water. Although chemical runoff from forest lands can be a local 
problem, less than 2 million acres, or 0.3 percent of the Nation's forests, 
receive chemical treatment each year. 


Water from forest land is generally of high quality and suitable for the most 
sensitive water uses. For example, almost all western cities and most 
eastern cities have municipal water supplies in forested areas, and trout and 
salmon fisheries depend on high quality water from forested watersheds. 


Fifteen states are responsible for 81 percent of the problems related to 
silviculture. In those states, 21 percent of the forest is public land, 28 
percent is owned by the forest industry, and 51 percent is in small woodlots. 
Diverse ownership and the intermingling of private and public lands contri- 
bute to the complexity of the problem. Of these fifteen states, five have 
forest practices acts and four control some silvicultural activities through 
other legislation, such as laws on sediment, erosion control, and stream- 
banks. 


Specific examples of severe nonpoint source pollution from silviculture 
follow (EPA, 1979b). 


) Oregon has identified seven priority areas having water quality problems 
related to silviculture (the southwest part of the North Coast Basin, the 
Yamhill River, the South Fork of the Umpqua River, part of the Goose/ 

_ Summer Lakes Basin, and the Crooked, Malheur, and Umatilla Rivers). The 
water quality problems in these areas are erosion and sedimentation, 
excessive debris, high water temperatures, and growths of algae. 


fe) Washington has six priority areas with water quality problems (Willapa 
Bay, the Kaloma River, part of the Skykomish River, part of the Sno- 


3-83 


homish River, and the Newaukum and Deschutes Rivers). The problems are 
sediment, temperature, and slash or debris. 


) Maine's survey of 350 sites indicated that 10 percent have sediment 
problems affecting parts of streams and 25 percent have excessive ero- 
sion. In addition, the spraying of sevin to control spruce budworm has 
killed fish. 


Abandoned Mines.--The United States has 1.7 million acres of abandoned coal 
mine lands that need reclamation. This acreage is in 30 states; 9/7 percent 
is in 14 states. Water quality in these areas is degraded when silt, sedi- 
ment, and chemical pollutants move from the mined areas into surface water. 


Mining operations denude land, eliminate wildlife habitat, and destroy soil 
in the immediate area, but the effects of water pollution from mining may be 
apparent many miles from the mining operation. Extensive reaches of streams 
can be rendered unsuitable for domestic and industrial water supplies and for 
agricultural uses, such as irrigation. The polluted water can kill fish and 
other aquatic life, and drainage from surface mines can cross adjacent lands, 
destroying crops and trees and ruining wells and lakes. Abandoned coal mine 
lands degrade water wherever they exist; however, the greatest water pollu- 
tion problem is in the East. Surface mining has degraded the water in about 
6,000 miles of streams and 68 reservoirs (Spaulding and Ogden, 1968). More 
than two-thirds of the affected streams are in Pennsylvania and West 
Virginia. The lower runoff in the West may intensify problems in particular 
locations. 


Mine water often contains high concentrations of acid and such minerals as 
aluminum and calcium. Iron hydroxide ("yellow boy"), which coats stream 
bottoms, is formed as these acids and minerals interact with the water. 
Spaulding and Ogden indicated that chemical precipitates were on the stream 
bottoms in 31 percent of the sites, and the water was discolored in 37 per- 
cent. Silt and sediment pollution are common in all areas of surface mining. 
As water flows over loose soil or rocks, it picks up and carries small par- 
ticles. These particles settle out in watercourses where they cause addi- 
tional problems. 


Spaulding and Ogden found that 15,000 acres of water impoundments in 20 
states could provide suitable fish and wildlife habitat if acid pollution 
were sufficiently reduced. Coal mining caused about 97 percent of the acid 
pollution in streams and 63 percent of the acid pollution in water impound- 
ments. 


The U.S. Public Health Service estimated in 1962 that active and abandoned 
underground and surface mines in Appalachia discharged 3.2 million tons of 
acid into streams each year. Much of this acid is neutralized soon after it 
enters the stream, but a residual acid load of more than 300,000 tons a year 
is not neutralized until it reaches the larger streams of the region. 


USDI studies (1967) indicate that sediment is caused mostly by inadequate 
plant cover. They also showed that of 14,000 miles of stream channels 
affected by surface mining, 7,000 miles had a significantly reduced 
water-carrying capacity and 4,500 miles had a moderately reduced capacity. 
Excess sediment from mine activity was not found, however, in small streams 
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that were more than 2 miles from the mined area. On 98 percent of the 
surface-mined land in Appalachia, where contour strip mining is common, storm 
water control is not adequate to prevent erosion, sedimentation, or flooding. 


Trends.--Figures 3B-20 through 3B-23 show trends in the level of total coli- 
‘forms, nitrates, phosphorus, and dieldrin in sediment. Although these data 
are not complete and do not differentiate between point and nonpoint sources, 
they do show that in many areas the levels of total coliforms are decreasing; 
levels of nitrates are increasing, especially in agricultural areas; and 
levels of sediments containing dieldrin show a slight decrease since that 
pesticide was banned. Overall, while some improvement is presumably oc- 
curring from the cleanup of point sources, increasing urbanization and agri- 
cultural production are increasing nonpoint source pollution. Although 
definitive information on national nonpoint source loadings does not exist, 


hers information show problems from agricultural nonpoint source pol- 
ution. 


Figures 3B-24 through 3B-26 show areas of potential agricultural nonpoint 
source pollution based on the intensity of a particular agricultural ac- 
tivity. See also figures 5B-3 through 5B-7 on pages 5-30 and 5-31 of RCA 
Appraisal Part I. Those figures show the extent of specific agricultural 
nonpoint source pollutants nationwide. 


Specifc examples of the severity of agricultural nonpoint source pollution 
follow (EPA, 1979b). 


fe) Maine.--The state has identified nine lakes and portions of three rivers 
(the Aroostook, St. Johns, and Prestile) as having significant water 
quality problems (coliform bacteria, dissolved oxygen, nutrients, and 
sediment) attributable to agricultural nonpoint source pollution. This 
pollution comes from dairy and poultry farms, cropland, and rural septic 
systems. Specific violations of water quality standards for coliform 
bacteria and dissolved oxygen have been documented on some lakes. 


) Connecticut.--The state determined that agricultural erosion statewide 
was more than 12 tons per acre per year (an acceptable value is gener- 
ally 3 to 5 tons per acre per year). The resulting sediment contributes 
to agricultural nonpoint source pollution, especially in Lake Waramaug 
and the Housatonic River. This situation is interfering with recreation 
and impairing water supplies. 


fC) Massachusetts.--Rural nonpoint source pollution is causing eutrophi- 
cation in several lakes and reservoirs in Berkshire County, which is 
critical because of water supply and recreation demands of the tourist 
industry. Nonpoint source pollution accounts for 60%to) 90 percenteot 
the nutrient loadings to these lakes. Levels of nutrients, coliform 
bacteria, and dissolved oxygen have violated water quality standards. 


fo) Delaware.--Rural nonpoint source pollution from agriculture, animal 
wastes, and rural septic systems is causing nitrate problems in under- 
ground drinking water supplies in the Millsboro area of Sussex County. 
Sixty to 100 mg/l of nitrates are present in the water, far above the 


standard of 10 mg/1. 
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UNITED STATES 
TOTAL 
84,913,547 


UNITED STATES 
TOTAL 
39,881,566 





Figure 3B-24.--Cropland treated with herbicides (top) and insecticiaes (bottom), 
1969. Source: United States Department of Agriculture and Environmental Protec- 
tion Agency. 1975. Control of water pollution from cropland. Vol. I. A manual 
for guideline development. 3-90 





Chickens 





Figure 3B-25a.--Concentrations of feedlots. Source: United States De- 
partment of Agriculture and Environmental Protection Agency. 1975. Con- 
trol of water pollution from cropland. Vol. I. A manual for guideline 


development. 91 





Dairy Farms 





Figure 3B-25b.--Concentrations of feedlots. Source: United States De- 
partment of Agriculture and Environmental Protection Agency. 1975. Con- 
trol of water pollution from cropland. Vol. I. A manual for guideline 


development. 3-92 
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Virginia.--Agricultural and urban runoff is contributing to eutrophica- 
tion in the Occoquan Reservoir (the drinking water supply for 700,000 
people). The eutrophication may negate benefits of the very expensive 
advanced water treatment plant feeding into the reservoir. 


Maryland.--Runoff containing animal wastes and other agricultural pol- 
lutants is causing violations of coliform bacteria levels in several 
rivers in northeast Maryland; in Carroll, Frederick, and Howard 
Counties; and in Lock Raven and Liberty Reservoirs. 


North Carolina.--Average nitrogen levels of 7 mg/l and average levels of 
dissolved oxygen of 0 mg/l, probably the result of runoff from livestock 
operations, were found in Union County on a creek tributary to Lane 
Creek. The fish in this creek were dead. Fish killed by herbicides 
were also found in Richardson Creek and Twelve Mile Creek. Some areas 
have erosion rates of 20 to 60 toms per acre per year. Dissolved oxygen 
concentrations in the upper Neuse River fell to about 1 mg/l during 
certain storm conditions. During all storms measured, there were high ~ 
concentrations of suspended solids in both the small streams and large 
rivers. The Chowan River has experienced severe algal blooms, which 
affect fisheries, ruin beaches, and cause objectionable odors and 
deposits of decaying algae. About 85 percent of the nitrogen in the 
water in North Carolina is from nonpoint sources with agricultural areas 
accounting for about half of that amount. 


Tennessee.--High phosphorus and nitrogen loadings from agricultural land 
have made the Chickamauga and Nickajack Reservoirs eutrophic. Algal 
blooms preclude recreation in certain areas. 


Arkansas.--In one intensively studied basin, 2 million tons of sediment 
reached the water each year. Out of 60 streams in this basin, 47 were 
not suitable for swimming and 37 were not suitable for fishing because 
of agricultural nonpoint source pollution. Streams in eastern Arkansas 
have excessive levels of the pesticide Toxaphene. 


Louisiana.--Lake Providence (Quanchita Basin) and Round Lake have 
deteriorated because of high levels of sediment and pesticide residues 
from agriculture. The state has banned private and commercial fishing 
in Lake Providence because of the high Toxaphene levels. 


New Mexico.--The state sees problems in the present and future use of 
the San Juan and Rio Grande Rivers for irrigation because of sediment 
and salinity. 


Oklahoma.--The Little Washita watershed has major water quality problems 
from sediment. Twelve other segments (out of 59) have major nonpoint 
source pollution problems. 


Texas.--Thirty-three out of 297 segments have existing or potential 
water quality problems related to nonpoint source pollution. 


Missouri.--Sediment and agricultural chemicals cause turbidity and 
violations of standards in the northern 38 percent of the state in the 
Salt, Fox, Wyaconda, and Upper Middle Fabius Rivers. In the Salt River, 
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21 percent of the basin has erosion rates of more than 30 tons per acre 
per year. 


Nebraska.--Eastern and central parts of the state have nonpoint source 
pollution problems stemming from small feedlots and the use of agri~ 
cultural chemicals. The levels of nitrates, turbidity, fecal coliform 
bacteria, and total dissolved solids violate standards. Over Sey ing lt 
lion acres have been identified as sources. 


Kansas.--Six areas have nutrient and salt problems from agricultural 
chemicals and irrigation return flows (Strager Creek, the Upper Nemaba 
River, the Upper Wakarusa River, the Wolf River, Washington State Lake, 
and Soldier Creek). These areas cover 627,000 acres and it would cost 
$70 million to treat them. 


North Dakota.--In the Souris River, agriculture has caused violations of 
the standards for nutrients, total dissolved solids, and suspended 
solids. These violations occur 80 percent of the time, and nonpoint 
source pollution accounts for 90 percent of the load. Nonpoint source 
pollution has killed many ducks. The state has identified 10,000 acres 
as having a high priority for treatment. 


South Dakota.--Agricultural nonpoint source pollution in the James River 
has affected fisheries and drinking water. The levels of suspended 
solids, total dissolved solids, and nutrients violate standards. The 
state has identified 17,000 acres that need treatment. Lake Herman 
suffers from excessive levels of sediment and nutrients. Its waters 
violate standards 100 percent of the time, and 90 percent of the load 
comes from nonpoint source pollution. 


Wyoming.--The Green River is affected by irrigation returns, over- 
grazing, and septic tanks. This situation threatens agriculture, 
recreation, and drinking water. Each year, public lands contribute 8.9 
million tons of sediment and 145,000 tons of salt to the Green River. 
About 78 percent of the phosphorus loadings are from nonpoint sources, 
and this phosphorus causes eutrophication in the Flaming Gorge Reser- 
voir. The Wind/Big Horn River is similarly affected. Nonpoint sources 
contribute 99 percent of the total phosphorus load in the Yellowtail 
Reservoir. Sources of phosphorus are fertilizer, septic tanks, feed- 
lots, and eroded soil. Wyoming predicts that 11 of the 20 stream 
segments with problems will fail to meet water quality standards in 1983 
because of nonpoint source pollution. 


Colorado and Utah.--The Colorado River is affected by agricultural 
runoff and hydrologic modification. Salt levels violate water quality 
standards. About 42 percent of the salinity in the upper basin is 
caused by irrigation that contributes 3,460 tons of salt to the river 
each year. 


' Montana.--About 4,000 miles of the Missouri, Yellowstone, and Big Horn 
Rivers are degraded by nonpoint source pollution. Sediment affects 
2,500 miles of these rivers, and salinity, 1,400 miles. The standards 
for salinity, bacteria, nutrients, and suspended solids have been 


violated. 
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fo) Idaho.--There are severe water quality problems in 5 stream reaches in 
irrigated areas involving 350,000 acres and in 18 reaches in nonir- 
rigated areas involving 1.3 million acres. Less severe problems occur 
in 45 reaches involving 5 million acres. In these cases, fisheries and 
recreation are harmed by turbidity, sediment, algae, reduced oxygen, 
bacteria, salinity, temperature problems, and reduced flows. 


0) Washington.--The state identified priority water quality problems in 2/7 
stream segments involving 1,700 dairies, 1 million irrigated acres, and 
5.2 million nonirrigated acres. Turbidity, sediment, algae, reduced 
oxygen, temperature problems, bacteria, salinity, and reduced flows are 
damaging fisheries and recreation. 


Control Programs for Rural Nonpoint Source Pollution.--As point sources are 
being brought under control, there is increasing awareness of the effects of 


nonpoint pollution sources on water quality. Over the past 4 years, EPA has 
increasingly emphasized the control of nonpoint source pollution. Through 
memoranda of understanding, EPA has asked for USDA's help in developing a 
nonpoint source control program for agriculture. EPA has added resources, 
particularly assessment and modeling to project future conditions, to its 
research on nonpoint source pollution. An extensive demonstration project is 
now underway in Iowa to validate procedures to monitor and evaluate best 
management practices (BMP's) (see glossary) for controlling agricultural 
pollutants. In fiscal year 1980, the budget for section 208 (see glossary) 
will be directed entirely to nonpoint source pollution problems, and more 
than half of the funds will be allocated to agricultural or related planning. 


The USDA programs to control agricultural nonpoint source pollution are not 
precisely defined and are dispersed throughout the Department. Several 
agencies have defined water quality functions. These agencies are the Agri- 
cultural Stabilization and Conservation Service (ASCS); the Economics, 
Statistics, and Cooperatives Service (ESCS); the Farmers Home Administration 
(FmHA); the Forest Service (FS); the Science and Education Administration 
(SEA); and the Soil Conservation Service (SCS). The USDA Water Quality Work 
Group coordinates these programs. 


During fiscal year 1978, USDA, acting with EPA, initiated the Model Imple- 
mentation Program (MIP) in seven areas. ASCS allotted $1.5 million for 
cost-sharing assistance to landowners in the project areas. SCS provided 
accelerated technical assistance amounting to 40 work-years and $1.2 million 
in 1978. FS provided $77,000 to participating state forestry agencies. 


During fiscal year 1979, USDA authorized 21 special water quality projects. 
Cost-sharing funds come from the $190 million in Agricultural Conservation 
Program (ACP) appropriations. ASCS transfers 5 percent of its ACP funds 
directly to SCS for technical assistance to landowners. SCS supplements this 
money with its own Conservation Operations funds. ASCS has also allotted 
$4.3 million for cost sharing from a $10 million national special projects 
fund reserve. In addition, a $10 million state reserve fund was established. 
Approximately $6.4 million of that reserve was devoted to projects that have 
water quality benefits. Water quality projects receive about 6 percent of 
all USDA funds appropriated for cost sharing with landowners. This repre- 
sents about 2.5 percent of the annual investment needed to implement the 
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alternative recommended in the Environmental Impact Statement for the Rural 
Clean Water Program (USDA, 1978). 


Title IV of Public Law 95-87 establishes an Abandoned Mine Reclamation Fund 
and four reclamation programs for federal, state, Indian, and rural lands. 
The Secretary of the Interior is responsible for all of these programs except 
the rural program. USDA, through SCS, is responsible for the Rural Abandoned 
Mine Program. The Secretary of the Interior may transfer up to 20 percent of 
the funds appropriated by Congress for the Abandoned Mine Reclamation Fund to 
SCS to carry out the program. For fiscal year 1978, this amount was about 
$11 million. 


In addition to specific water quality projects, USDA provides technical, 
financial, and research assistance and information and education to land- 
owners. 


In 1977, Congress authorized USDA, with the concurrence of the Administrator 
of EPA, to carry out a Rural Clean Water Program (Public Law 95-217). In 
fiscal year 1978, Congress appropriated $2.4 million to SCS to develop rules, 
regulations, and policies for carrying out the program and to provide 
training to federal, state, and local units of government that would be 
involved in administering it. Formal rules were published November 1, 1978. 


Cooperative efforts by USDA and EPA are concentrating on agricultural areas 
with critical water quality problems. The Model Implementation Projects and 
the Agricultural Conservation Program projects serve as prototypes that will 
lead to more extensive programs designed to combat agricultural nonpoint 
source pollution. These projects have also provided better understanding of 
cause and effect relationships, which should help USDA's effectiveness in 
controlling nonpoint source pollution. The ACP state reserve has allocated 
$6.4 million for 279 projects (table 3B-10). 


Following are examples of water quality benefits anticipated from these 
projects. 


Oo Arkansas.--At present, 47 of 60 streams in a priority watershed are not 
suitable for swimming and 37 of 60 are not suitable for fishing because 
of agricultural nonpoint source pollution. Installation of best manage- 
ment practices (BMP's) would reduce sedimentation by 75 percent. 


Oo Idaho.--Two irrigated and two nonirrigated areas with severe nonpoint 
source pollution are developing individual farm water quality management 
plans to apply BMP's. BMP's for irrigated lands should reduce sediment 
by 60 to 80 percent; uncontrolled sedimentation was as high as 35 tons 
per acre per year. The annual cost of BMP's for all areas with the most 
severe agricultural nonpoint source pollution is about $11.5 million; 
the cost for second priority areas is about $26 million. 


Oo Maine.--The Aroostook County ACP project covers 20,000 acres and 630 
“farms. Public water supply is involved. The BMP's to be applied should 
reduce soil loss to 10 tons per acre per year from present levels of 
more than 20 to 50 tons per acre per year. They should also reduce 
pesticide residues in local waters by 30 percent. 


Bao 


Table 3B-10.--Special water quality projects funded from 
state and county reserves 


¢ 


Number of 
special water 
quality projects State County 
approved allocation allocation 
from state to these to these 
State reserves projects projects 
(Number ) (ollars) 
Alabama--------------------- 4 159 ,000 0 
Alaska--------------=-------- 0 0 0 
Arizona--------------------- 0 0 0 
BURSUG aga eee ree ee 1 55,000 0 
California-----==--=-s2-som6 0 0 0 
Colorado=---=--=<---<-=..<-- 2 198 ,599 0 
Connecticut----------------- 2 21,000 10,000 
Del @Wa bene eee ee 0 0 0 
Florida--------------------- 9 112,650 36,350 
Georgia--------------------- 7 276,000 262,200 
Hawa 1 1-9 S93 <8 oe ee 0 0 0 
10a RO => = se Ss tae oe ee 2 T3905 0 
ERUINO Us = = 32 eae eee eee 9 349 ,560 11,000 
Indiana*+--==--------s---s=s= 20 236,000 66,100 
lowa===#<<=--<s5- Jee ccesn 3 95 ,633 16,000 
Kalsa5-~===~<== -< ae ean 3 205 , 000 0 
| So} LCA 5 featerla PF alan le nibelni-s 2 PL P500 0 
LOUigi ana -=-=—2— ~~~ on nw ann 11 185,915 0 
Ta re ce Z 91,500 54,600 
et Get EY ca ee ie 2 A iat js 57,000 0 
Massachusetts ape = == Z 6,000 5,000 
pM BE TE aban lo lt Ole 10 288 , 000 28,104 
oa eE POM Ft A TA SE 7 254,000 0 
by ESRI D GO pW iS ESE hi 10 318,044 0 
Da SOUL eee ee 6 412,000 0 
Ot a oe ee 11 192,466 100,182 
NOU 0 2S i rm a ar 4 228,167 0 
NOV ae a oe ee ee re eer 4 56,500 15,942 
New JHallip S11 Ve = ie Sees i 12,600 0 
REVS Y Dog LER a miget eae arian att casted 1 31,000 10,000 
NeW Mex) Eg = eee 0 0 0 
NCW OL Rg cm eee 9 148 ,000 122,500 
NorLh Carolina-2s--=— === = 9 321,500 85 ,000 
North Dakota--~-===-~--s cu 4 150,000 0 
0) 0 Pat lento Mental lectin Soler din ah Ns va | 237,000 0 
OOK) TO Bo ne tates ees 4 165,700 0 
Uh lo 102 tech cal lin tl hte it hae . 187,000 50,000 
PennsylVanid-==="<=<s<2—0~'== 8 143 ,000 0 
Puerto Ric0-<===-="-“--s-=.25 0 0 0 
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Table 3B-10.--Special water quality projects funded from 
state and county--Continued 


—— SS SSS SSS SSS SYS 


Number of 
special water 
quality projects State County 
approved allocation allocation 
from state to these to these 
State reserves projects projects 
(Number) | (Dollars) 

Rhode Island---------------- 0 0 0 
South Carolina-------------- 1 53,000 0 
South Dakota---------------- 1 75,000 0 
Tennessee--~----------------- 20 223,500 53,500 
DOXAG Sn sen nn won nnn ie 60,000 0 
a ao rer oe ae ee oo mo me me ws ww wm iy 92,150 131,90) 
Vermont ~-------------------- 0 0 0 
Virginia---3- << 8 - n-ne enna 6 171,000 171,000 
Virgin Islands-------------- 0 0 0 
Washington------------------ 1 70,000 30,000 
West Virginia--------------- 7 87,000 oy Mae 
Wisconsin------------------- 29 335,691 0 
Wyoming--------------------- 0 0 0 
Total------------------ 279 6,398,441 150 ls kOS 
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Oo North Carolina.--A program demonstrating BMP's has been conducted on a 
farm in Union County since September 1979. SCS has developed a manage- 
ment plan for all active farms. This plan could reduce soil loss to 4 
tons per acre per year. The state has regulations which permit the 
issuance of special orders to control nonpoint sources of nitrogen. 


O South Dakota.--The Model Implementation Project in the Lake Herman area 
has completed about 75 percent of the land treatment and designs for 
sediment control structures in the watershed. Interest in this dem- 
onstration has been extremely high, and other lake associations are 
attempting to form organizations to solve eutrophication problems. 


Most agricultural BMP's are now selected from traditional soil and water 
conservation practices. Although we generally know how effective these 
practices are in reducing soil erosion, we are less certain of how effective 
they are in reducing the amount of sediment delivered to water bodies. 
Knowing the effectiveness of a soil and water conservation practice in con- 
trolling erosion does not translate into knowing that practice's effective- 
ness as a BMP for water quality control. EPA is now studying how to more 
adequately define the effectiveness of BMP's used to maintain water quality 
(EPA, 1979b). To date, EPA has found: 


ee In general, the cost of reducing soil erosion by a given percentage is 
greater than the cost of achieving the same reduction in sediment. 
Reducing soil erosion by 90 percent costs about 4 times as much as 
obtaining an equivalent reduction in sediment. 


2s Cost curves for all farms follow a common pattern. Cost-effectiveness 
is high at low levels of reduction in sediment. At a point between 70 
percent and 90 percent, however, the cost effectiveness begins to de- 
cline sharply. Therefore, it is more cost effective to achieve moderate 
reductions in sediment loss over several farms than to attempt to 
achieve large reductions on only a few farms, assuming that all farms 
have roughly equivalent sediment loss. 


33 Soil and water conservation practices significantly reduce the pollution 
in runoff from the ends of fields. They are better at reducing the 
amount of solid-phase pollutants in runoff (sediment, strongly adsorbed 
pesticides, organic nitrogen, and fixed phosphorus) than at reducing the 
amount of dissolved nutrients and pesticides. The amount of reduction 
depends on the site, local weather, soils, and crop management. 


4. Soil and water conservation practices will not reduce the total "edge- 
of-field" nitrate losses (runoff plus percolation) unless they also 
reduce the application of fertilizer nitrogen. 


5. Cropland erosion control measures may not efficiently reduce sedi- 
mentation in streams unless the measures are concentrated on lands with 
high losses of sediment. 


Gr Soil and water conservation practices often cost farmers money or have 
only marginal short-term monetary benefits. Conservation tillage and 
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no-tillage, however, can increase farm income in many cases. (Con- 
servation tillage is reduced tillage that leaves plant residue on the 
soil surface.) 


Efficiently managing chemical applications on croplands can signifi- 
cantly reduce pesticide and nitrogen losses. Although farmers do not 
always find such management operationally or economically acceptable, it 
does provide a major alternative to the use of soil and water conser- 
vation practices for pollution control. 


Practices to control agricultural nonpoint source pollution must address 
specific problems. Tradeoffs are often involved. Practices employed to 
reduce one potential pollutant may increase others. For example, where 
sediment from cultivated croplands is a major problem, the use of no- 
till planting in crop residue is often specified. The use of this 
practice will often reduce cropland erosion and associated sediment, but 
it is likely to increase loadings of phosphorus from surface-applied 
fertilizers and decaying plant residue. This practice also requires 
more pesticides, which can move to receiving waters. 


Soil and water conservation practices can influence water quality by 
reducing soil erosion or by reducing the sediment delivery ratio (see 


glossary). Most nonstructural practices (for example, conservation 
tillage, contouring, cover crops, and stripcropping) are primarily 
effective only in reducing soil erosion. Structural practices 


(terraces, diversions, grassed waterways) generally affect both soil 
erosion and the sediment delivery ratio. 


The cost effectiveness of practices varies from farm to farm, depending 
upon many management factors. Four practices that are usually very cost 
effective are conservation tillage, no-till farming, contouring, and 
stripcropping. 


Conservation tillage appears to have potential for widespread adoption 
by farmers. 


The primary differences between farm plans for reducing sediment and 
those for reducing erosion were in the choice of fields where farmers 
implemented practices and in the location of practices within fields. 


USDA programs that have emphasized soil erosion control may have to be 
adjusted to be cost effective in improving water quality. For example, 
a single terrace near the base of a slope may be very cost effective in 
reducing sedimentation but have little effect on soil erosion. A ter- 
race of this type would not meet the requirements of existing USDA 
programs. 


Tables 3B-11 through 3B-14 summarize and show the effectiveness of practices 


to 


control cropland erosion, direct runoff, and nutrient and pesticide 


losses. 


3=101 


*spToté 
doid aseei5UT se [[aM se spiezeYy UOTSOAa vonper AT[eTIUeYSqns ue) 


‘doi ysed fo pjTatA aonpaz 

Aew J9A09 JaqjutImM Aq asn 39}eM {sajerQTU Fo BuUTYDeaT aonper Kew 
‘MPIJS IO sy[eqys paddoys Jo TaA0D Aaeay A9AO V8eqURApe oU ATTeNSN 
‘doid 4xeu 3uTqueTd-jo[Ts 1oJ aseq poo’ saptaoid {sdozo anptsait-MoT 
Jayye pue paaowlal seq sey oNPTSez UIOD 219M UOTSOI|a J3aq4UIM Ssonpay 


‘€q UeYQ 2ATROAZJa ssazT yonwu ‘swaqsAs dozd-s9u0 ueyy uot4da}0I1d 
[ftOS snonuTjUOD stow aptaoid Aew ‘s3zsad pue saseastp [orqu0o sdTay 


*SUOTJOTISIA ITJeUTTD suos ‘snzoydsoyd 

9TQNTOS JaqzeM JO ZAodsueszy [eTIUs}0d Jaqea13 {sxeah AeY WorZ JWOd.UT 
pezt[eszt ssaj ‘suotqdo quowese[d tezt[t}zay azow ‘sqysad pue saseastp 
awos [OIjU0D sdzay fapToAD uot Je}OA A|vAO paynqtaqystp ATTenbeun 

Sasso[T ynq padnpsez AT jee18 SSOT [TOs [e}0} {sdorD Z3uTpsessons 

WOIF UOTSOJa svonpaz [Tos ou A[TenjJAIA VSOT sSMOpeaw pooy 


‘aa13ap TsssoT 0} 4nNq [q se owes 

ay} ATTet9ues ote sasejueapestp pue sagejueape {[q Uey VATIDaFFTa 
SSOT }eYMoMOS 43nq V{[qGeydepe ATeptM vsiow fadezins 94} UO Senptsaz 
ay} JO aWos uTejaI jeYA swaqyshs MoTduoU Fo AQZaTAeA e SapntoUT 


*SUOTJOTISIA [IOS pue ITIeUTTI 

ouos {suotjdo qyuameseTd aptotqsed pue tZazt{t4AeF sqrwtytT {ua3 

-O1}1IU pue saptotjsad aitow serztnber f8utAip pue 3utwmizem [tos skelTap 
$squeweitnbea [any pue ‘autTyoem ‘z0qe[ soonpez {[orjU0D UOTsOrS puNnor 
-izeah soptaoid pue sa8’ins juawtpes gutads soztwtutw ‘sanptssz dois 
UT 9ATIDIFFJO ATYSTY futez3 [[ews JO sseris YUeUTWOP UT BATRIIFFJOE YSOP 





SqYysITYystTy sotqoeIg 





0 


----AjT[1T}1a} [tos paaorduy 


a aw as ~--Sdoi3 ZaAod 333UTM 


------SU0T}e}01 SSaTMOpeay 


ee aac ates SUOT}e}01 paseq-pos 


aim ah -a93eT[T} uot }eATesSUO) 


*doid snotasid 
249 JO onptssi 
ayy ut gurquetd [[1I-oN 


aotTzOeId [TorJUOD UOTSOIY 


pueTdo13 uo UoTSOIa BUTT TOIQUOD AOJ s|adTADeIg--"TL-gqE FeTqe]L 


ee 


Ga 


74 


“ea 


ca 


Ta 


zeaquny 


3-102 


"sqsoD 9oURUaIUTeW sWOS pue 4SOD [eTAIULT [TetT}UeYSqns 

‘waTqoid sty} paatos 2saey sustsop meu yng ‘quewdtnba a3zeT 

JO asn YIM VTqtzedwosUT Uaqyjo ae Ss|adeII9y YUSTpeAs TeuUoTIUaAUOD 

‘3utddoi3 aATSUSQUT JIOW SojJeqT[TIeF faAN4ASstow [IOS saArTasuOD 

pue uoTsoza sadnper fuotjzer4UsdU0D FjJounz pue yAsueT adots 
VATIIFJO Butsnpsz Aq svdTADerd JtIwoucrse pue ButTAInojJUOD sqsoddng ------------- ----=-S90PIFI], 71a 


“6a pue C4 
Oj AJe[IWTS soInjeazy aTqeroaejsun pue atqexzoaAez {smMopeauw uote OA Fo 


QusauYysttTgeysa oy} pue Zurwiey odoTs-ssoi3e 10J V[qejIns oq YsnW este 
S9ATJIFJa Jou st utesz3 Butads pue us0d ZuTjJeursRT[e faATIIFFa se 
Jl[ey yNoge st Mopeow Fo NaTT UT UTeIZ papass [[ez {ATUO parznoquUOd 
uot}e4j0T UT sdortd awes 9Y} YIM }eYI FO YUadI9d Qg 4NoGe 0 SSOT 
TIos avonpaxz sdt3sqs jOOF-ONOL 07 -0G 9}eUZaqTe UT AeYy pue dorzd Moa y ------ Sutddozsdtajs anoquoyj LLa 


*"ST9AOy¥RIIG MOT 03 9TQtydedsns ssaT 4nq BSUTINOQUOD 0} ARTIS ---------~------- SMOI papery OLa 


‘Saprlotqsed pue szaZI[IjAIF AOJF sazer uotzZedtT[dde joaFFe Jou 

sooq ‘sutezii103 Auew uo juowdtnba sutmzey o32e[ Fo asn 

YIM a~Tqtzeduod you fsuotze,IWTT ITYyYdersodoj pue ‘ajeWwTTS 

‘ttos {sado[s 8uoT uo so9dei1903 Aq paqsoddns aq ysnu ‘f19A0 

yeoig SMO JT SSoUaATYDIAFJa Saso{T fsadots daaqjs uo ssaT ynqG 
‘sado[s a}etapoul uo YUadIZ0d gg Aq SSOT [TOS aseiaAe VONPeT Ue) ----------------- 8utinojquo) 67 


‘Zutmotd Aq 4SOT ST 3OaFzFo YOTN_ ~*unutydo 

uey} SSeT 21k SUOTJIpUOD 3injsTow ueyA rood aq Aew spuejs 3UTT[pses 

futezt Jo spotized suo, 3urinp 7q pue [Y ueYyQ V<ATIIAFFJa SsaT yonu 
$uotsor1a savonpexr pue UOTJeAR[TJUL SaseavtDUT voesins Appo{To ‘ysgnoia y ---------swajshs Jue[d-MoTg QF 


*“sprlaté 
aseaioUT pue UOTSOJa voNpet ued suoTjJetado sutads Jo 8utwtq [eurqdo 
‘spzezey uotsoia 3utads A[iea pue JazUIM SaseatouT ATjea13 AT 


qnq ‘s8utads 309M ut 3uTqueTd ATaWwTz slow saqeqI[ToeF ButMoTd [eq -suotjzerado pyTaty jo sutwiy La 





Sq4sZTTYsTY vdTIOeIg got oerd TorqUoD uoTsOIg Zaquny 





penutju0j--pue[Tdorz. uo uoTsorza BUTT [OI4UOD AJOJF sadTAOeIg--"TI-gGE ITqGe] 


3-103 


"oq9 *8uTseds mor AVasoTO 
‘Zurwio0y pue, ‘aseuteip adejzinsqns ‘suotszaaTp ‘sMozINJZ In0\UO) 


“puet 

ITQTporzs ssa9T FO VSN VATSUaUT azom Aq AOZ payesuadwod aq ued a8eaise 
qsoT faqenbopeut axe saotqoexrd ToIqUOD 49aq}O VTBYM VATAIAFFa St 
pUe[POOM XO sseis qusUeMZad paseueW [TIM ‘UOTINTOS ATUO 3y4 SoWTJoMOS 


"6q Se owes sasequea 
-pestp ‘UoTJeATA[ND UIOD |sdUasAaUIa-YsSod YIM SSBUIATIDIIFFa SasoT 
$qusozed gg Aq SSOT [TOs Tenuue sdNpsr ued {AaA0yeIIq MOI SAaZTWTUTL 


‘ado[TsS ssoide are sMor 
U3YM PATIIITJ2O Ysow fsMoIANF potea0d-YI[Nu UT MOTF FzFounT Burzer3 
-uaau02 Aq UOTSOJ3 SsaoNpetT fau0Z MOA Jo B3uTAIp pute ButTwAzeM AaTTAeyY 


*squowetTdut a8ze[ Jo asn YIM VsraFIa\UT 
Aew pue s}s05 sd.uUeUaUTeU pue jJUSWYsST{Tqeysa saaToAut ‘Suotsorza 
TeWIUTIW YIM STeuUeyD 29de1I9} pue SMOX papers Jo o8eUTRIP SazeqITIOe] 





STYSTTYSTY vatqoeI1g 








piace acpi ---saoT}OeId 19qI0 


w-e------9SN pueyT UT s8ueyy 


Se ----3UTJSTT 1n0jU07 


oe ae sutquetd a3pry 


--+-----~~--S}aTINO passeIy 


9oTq9eI1d [orJUO0D UOTsSOIy 


ponutjuos--pue[doid uo UoTSOJa BUTT[OAUOD ZOF sadTVIeIgG--"[I-ge eTqe]L 


/ 


Lia 


91a 


GcTa 


VA | 


ely 


zaquny 


a eS er Men en 


3-104 





“uoTIONpazA FJjounz [ertqJueIsqns 03 AYSTTG <--------------------~-----.-- sutjuetd a3pry OLY 
“uOTJONpsrT JJounsr YYsTITS --------------------------- S}JaTINO passeizyg CLY 
"uoTJONpezA FzFounsz 
Tetquejsqns 0} JJouns UT aseatDUT 4YsI[S WoIJ SaTAeA ----------------- w-------- asa een ne SodeIII, ZIM 
“uoTJONper FjJoundr Tetjue.sqns 0} o9}eAVpOWP --------------- -----3utTddoszsdtiajs in0ju09 LI 
‘uoTJONpsr Jjouns ojerVpow 09 WYST[SGS ----------- ween nee SMOI popery OLY 
‘uoT}ONpetr Jjounr ajJeaspow 04 YYST[SGS --------- oe ------- 3uTinojU0) 64 
"uoTJONper FFouns aqjetapom  ------ w----------------- suoysAs yueTd-moTg 8Y 
"uoTJONparT FJjyounzr YYSI[S ---------- ~----- suotjetodo platy jo 3utwty LM 
*TeaeT AVITEWAIF BuTASTxXe 
uo 3utpuadep uotjJONpez FJyJounr [erqueIsqns 09 WYST[S  ------------ ~------ AYITIWIF [ros paaordwy oY 
*UOTJONPIA a}eTIpOW 0} VSeIADUT WOAF SaTARPA -------------- w----5----- doi3 TaA0D 134UTM Su 
"ZY43ZTT[S 0} QUOT ST UOTIINpet Jjouny ---~--~----------------- SUOT}EJOI SSsoTMOpeayy oY 
‘zeak doi. MO UT UOTIONpsr o}eTapou 
03 3Y48TTs ‘zeaA pos UT UOTJINpsrT FFountr [etqueqjsqng ----------- woo----- ~---SUOT}e}01 paseq-pos oy 
"uoTJONpsr FFounz [etquejysqns 0f WYST[S  ---------------- ------a8e[[T} UoTJeAIaSUO) ZY 
‘uot Iedmod 03 35efqns 
S[TTOS UO SaSsedAOUT 0} SUOTIONper TetqUueYsqns ‘sanptsai 
WOLF FFOUNT YDIATp UO DIIFJO al[qerTszeA doz) totid ut 8utjuetd [{1I4-oN IM 
sqzy3ztTTYystTy 9:oTWOeIg got eid TorjUOD Fjouny Taquny 





va 


—jJfJouNA YOOATP BUTT TOIqUOD AOF sadTIIeIgG--‘ZI-GE eTqey 


3-105 





pS Ny PSN 


"saotqovad [o1rqu0D Jyounz oj ATdde osTe [[-gE eTqe} UT UMOYS 


SUOT}JICTIRUT puke SUOTEIIUIIT oy], 


*TBOTUSpT aie Jaqumu awes ay} YIM SadT}DeId [orjUOD UOTSOIg /T 





"QOTADP YUauIZeIIT4 & Se pstaptTsuod aq Ae] ‘eTqeTteae 
aq 3snu saqts puod pooyn ‘aatsuadxe ATaATAeTIY 
*[etTqIUeASqns 0} dUOU WOTF SaTICA DOTIONper Fzouny 


‘uot ONpar 

FFOUNT YYSITS 03 FFounr UT avseatrDUT ue WOAF satze, 
*Jyounz avdeFANs UE svseairsap 

yTetqueysqns e 0} Ffounr UT avseaTDUT Ue WoIF satsaed 
‘UOTJONparT FyFounr oN 

‘Jfyounsr UT UOTIONpsr Tetqueysqns 03 vZerspoy 


“uoTJONpsr FFouUNT Tetqjueysqns 0} ajer9poy 


*uoT}ONpszr FFounzr [erquejsqns 0} axeAVpoy 


ee wie ore -------------spuod Jo wotj4onI4su07) 
wane eee nn + 5 = - - - - U0 TOF puey 
--------- wooo - ee ~~~ ----- + oseurteisg 
se won ne ----- +--+ SUOTSIIATY 
=a wae e-- ~~ ---------SMOTIN}J INO WU) 


:saoT esd 19qI0 
po apd So aera Se 3s puke, UT a3ueYy) 


eee ere wane eee SUTYSTT AN0jU0) 


3-106 


8a 


LTa 
9Ta 


Gta 





SqqsTTysTY votqeIg 


aoTyoeId [o1jUOD FJFouny 


zaquny 





penutjuoj--Jjounz 4YaTTp BUT[[OIWUOD TOF sadTtWDeIg--"ZI-gqE FTqe] 





*qUaTUaAUOD ssaT aq Aew fssozT JUasTA4NU puke UOTSOZa saonpay ------ -----UMOp-MOTd AIZITTIIJaF BuTWT] 














TIN 
uOTSOZGY YSNOIY SSOT JUSTIANN FO Tor U0) 
‘a8euew Of Y[NOTFFIP *sainysed 
SAQTTEqest[dde paqtMT,T fAazT{[TIAazF us8o0rqAIu saoeTday pue spue[Aey ut soumBeaT 3utsp OLN 
“aTqIseazy YOU ST UoTAZeAOdIODUT UsYyM [N}Jesp ----- suotjeottdde adejsins 3ut{[{o1qu09) 6N 
*sased awos UT s}sod sppe ‘fa{Tqtssod 
sAemye jou {sjdazza prlatA ou ffFfounzr UL squatizqnu saseatsaq ---suotTyeotT[dde aoezans 8utze10d109uT SN 
yyouny UL sjJusTAYNN FO [o1UOD 
‘quoudoTaAep pue YITeVSaI [eUOTIIppe spasu faTqtseas "uoT}eEMAOFSUeIR 
A[TTe twouoss jou AT[ensn {8utyses, 93}e141U Vseaadap Ae IO gSedfeaI AaZI[IAIF BUTT [o14U0) LN 
“UOTSOJ9 134UTM Sadnpaz {suoTt3a1 ouWOS 
ut aTqeottdde jou fuotjze[oozed saonper pue 94e14TU Sa9sq ----------- --sdo13 JaA05 19ajUTA 3uTsp ON 
“aTqtseoy sARPMTe JOU fAaeZT[TJAaJ UsZ0I4TU Jo |asn saonpay ----- sdoi>d oum8a_T uaei13 Japun 3uTMoTg CN 
‘swaTqoid 8utpeaads {squataqnu 
JO aseaTai moTS ‘sastidiaque wWaey oWOS JOF ULeSs JIWOUODY ---1aZI[IJA9jJ AOJZ saqsem [ewrue 3utsyp oN 
‘asn aptotysed pue uotsoza saonpez {sastadiajua warez Auew 
YIM vTqrzedwos jou ‘sqyndut juatizynu sadnpez ATTeT4ueJsqng ----------------- suotjejor1 dor> 3utsp €N 
*JUaTUsAUOD ssoT aq Aew 3UTWT [eapt fasn 
uasgoijtu jo AdUaTITJFa SasesvzDUT fB8uTydeeT 393eI4IU Saonpsy ---------- uotzect{dde uasor41u SuTWT] ZN 
TO14U0) suUTqoeaT 
*pretA uo 4d9FJa ou sey ‘fs sod 
Jazt{TqyJaz saonper ‘ATqetosadde suryoeay, ajeazqiu 4nd Aep --UOTReEZTTTIAaF VATSS9OX9 BUTIeUTUTTY IN 
SP4ZTTYSTY 9dTdeIg aoTze1d [orqUOD JUeTIANN Taquny 





suotjzeot{dde [eanqyndstiZe WorZ SSOT QUSTAYNU BUTT TOIqUOD AOF sadTzOeIgG--'C1L-gE aTqe] 


3-107 


“uoTyeot{Tdde aptotqysed jo 
sojer Azessadau sonper ued fartqeottdde ATTessaatup 


*paztnbaz sanbtuysey 
PATIOTpszd pautgar f[orWUOD 4oasuT 04 aTqeot{ddy 


‘aTqezoaezy AT[eOTWoUODS| you SAT TeTJUeYSqns sTeoTWAaYyD 
JOF} pas sdNpst [TTA STorJUOD pseM 04 aTqeotTddy 


‘motjzeot{tdde optotysed jo saqyei papseu 
gonpst ued fsaaTjeUuraqT[e aTqeTrTeae AT[eTIJauMI0D aus 


*"PAATOAUT 2q P[NOD 4sod ajerVpow ‘{sapto 
-Tqsed Joy pseu aonpez ued fsdoz> Auew 03 atqeottddy 


*To1IqUOD paeM TOF [nJosn ATWY3ITS ATuo 
‘9SN apLoOTsuN} pue apTITAIISUT AOF paau aqeurlwtta 
SouT}oWOS ued fsdoID Fo Asqumu e 04 aTqeot{ddy 


*poquetd st dois 
aTqeytjoid ssayqT JLT 4sOD 4D9ITpuT osuos {AT JURITFIUSTS 
SSOT aptotysed sonperz ued fatqeottdde Ay, Tesraatug 


*4SOD oJeTapow SATOAUT 
Aew $poutejutew St SSOUaATIIFJFO VIVYM aTqeottddy 


*g0ueYSTS9zI satoads 
3931e3 Jo quaudoTeaaap AJaputy ued {TaaaT enptseaz 
oTyenbe AIMOT ued {sdotzd platF [Te 03 aTqeottddy 





OOF 


SqystTTysTYy voT eI 


en neem emmeRn emma 


saat zoeIg atqeottddy AjTpeorg 





‘uot zeottTdde 
aptotysed z0F Aep Fo owt 8utzrwtidg 


ae tessa ow consis ------JU9U}e97T] VATSSIDX9 BUTONpay 


Se a ~-Spoyjaw [O1qUOD [edTUeyIeW BUTSQ 


aos -uoT}Je[NWIOF aptotyjsed surztwutqdg 


a ----+----9UT} 3uTquetTd doz. 8utztwtyzdg 


aaa are a SaTjJotreA doxzD JUeYSTSIIT BUTS 


a eacg peer a ae ~------------U0T}e}01 dor. 3uTsp 


*SSOT 03 WOedso2 
YIta quawsseTd aptotqsed 8utrztwtydg 


PE ep Ie IETS -Saptotqsed aatzeurzaq[e 3utsy 





99T}DeId [oIUOD apTotysag 


6d 


8d 


ld 


9d 


Gd 


"7d 


€d 


cd 


Td 


zaquny 


suotjzeotytdde [eanq[notage WorF SsoT aptotysed SUT{[ToOAqUODS AOF sadTeIg--"HI-gGE aTqeR] 


aateemmineeeeeneteentemeeenen ena 


3-108 


*‘Azessaoau saptot4sed fo sjunowe sonpesz Aew 





Sa3e[[1Iq MoTduou ut sdoz> mor 03 ATuo atqeot{ddy ---a3e[ [1] wunwtutW UT sMot UaaMzaq SuUTIUeTYG Cred 

*seaze jasiejUOU FO UOTJeUTWeJUOD VoNpeT ueQ ------ -----~---suoTjest{[dde [etizae Zurseueyz bId 
*s3utaes 

Aiejauow auos {paztioyjne szaym ATuO pasn 9q uejQ ----Sa}zer uoTjeot[dde optotysad Aamo, B3utsyp €ld 
‘ATqetooidde asn aptotqiay pue apts 

-T}0aSUT 9oNnpez ued {sased MaF e UT [NJssadons ATaA ----------- Spoyqaw TOITqUOD TedTSOTOTG BUTS Zid 
‘Z[NOTFFIp quaumdopsaep wesso0ad faptotqsad 

JO Junoue paonper e ZuTsn [oIjUO0D Ysed BATIIIFFY ----------swerg01d [o1j}U0D pajessaqzuT 3uTsy Ild 
*P9ATOAUT 3SOD OU JO JTIFEIT ‘pazoazye 

AjTaszaape jou st JorUOD Ysad uaym ATuo aTqeot{ddy ---uotjeot{dde aptotjsad jo azep sutztwtqdo Old 

FET TqeoTTady poqyrwryT suraey svotqoesg 
Sq4sTTYsIY sdTzOeIg gdTzOeId ToI4UOD apTotjsag Zaquny 











panutjuoj--suotqest[dde [einq[Notase worF SsoyT aptotysed Surp{pTorzquoD A20F sadt}DeIg-~"yHI-gGe aTqeL 


3-109 


Scope 


In determining the scope of its programs for solving water quality problems, 
USDA investigated two alternatives. These alternatives are described below. 


O Holistic programs.--This alternative would direct USDA programs toward 


all 


water quality problems. The programs would be directed toward 


agricultural nonpoint source pollution, urban nonpoint source pollution, 
pollution from individual disposal systems, and point sources of pol- 
lution. 


fo) Programs directed primarily at agricultural pollution.--This alternative 
would limit USDA programs to agricultural (including silvicultural) 
point and nonpoint source control activities and control of pollution 
from individual disposal systems. Programs directed toward control of 
urban point sources and urban nonpoint sources would be delayed pending 
further analyses. 


USDA recommends that the second alternative be selected. To do otherwise 
would be beyond the capacity of the 1980 effort, given the time constraints 
placed on it. 


In recommending this alternative, USDA assumed that (1) ongoing Department 
activity toward controlling pollution from point sources, urban nonpoint 


sources, 


and individual disposal systems would continue at present levels; 


and (2) future RCA analyses would include areas excluded from the 1980 RCA 


reports. 


USDA is 


Focus 


considering three alternative focuses: (1) the Department could 


treat water quality control as an associated benefit of other programs, (2) 
it could adopt a broad focus, for programs, or (3) it could focus only on the 
most critical areas or specific pollutants. 


i 


Under the first alternative, USDA would recognize that its other 
programs benefit water quality as they conserve soil and water and 
protect fish and wildlife habitat. USDA could integrate water 
quality objectives into these programs. The nature of the im- 
provements in water quality would depend on the focus of the other 
programs. 


If USDA chose the "broad focus" alternative, it would treat all pol- 
lutants equally. As much weight would be given to control of 
sediment as to control of toxics, dissolved solids, or organic 
waste. USDA would recognize that water quality problems are 
pervasive and would try to treat them anywhere they exist. 


If the program were narrowly focused, USDA would concentrate on the 
critical areas identified in Section 208 water quality management 
plans. It would focus on aggregated subareas (ASA's) where crit- 
ical areas could be treated at the least cost per unit of improve- 
ment in water quality. USDA's program would give priority to 
critical areas that are producing, in order of significance: (1) 
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toxic pollutants, (2) organic wastes, (3) nutrients, (4) dissolved 
solids (salinity), and (5) sediment. 


This approach recognizes that critical areas are not uniformly distri- 
buted across the country, that a high percentage of the land within a 
critical area must be treated before water quality improves, and that 
too much money would be needed to work on all sources simultaneously. 


USDA recommends that its 1980 soil and water conservation program focus 
available resources on ASA's that have the most critical water quality 
problems. Accelerated assistance should be concentrated in high priority 
areas identified in an approved Section 208 water quality management plan or 
in other areas that USDA identifies as being critically affected by, in 
order, (1) toxics, (2) organic wastes, (3) nutrients, (4) dissolved solids, 


and (5) sediment. In recommending this alternative, USDA assumes that-- 

ro) USDA programs will consider the effects on the natural environment and 
additional beneficial uses of waters that result from improved water 
quality. 

) USDA will give higher priority to controlling agricultural nonpoint 


source pollution that affects human health than to preventing economic 
losses or protecting the natural environment. 


) In the absence of specific quantitative data, the 1980 RCA analysis will 
use surrogates. For example, the amount of pesticides applied to crop- 
land is used as a surrogate for specific data in calculations of 
pesticide loading. 


fe) USDA will also have some ongoing conservation programs that address 
water quality problems outside of critical areas. 


fe) USDA will provide assistance in more limited amounts to treat critical 
areas outside of critical ASA's. 


fc) Critical areas will be treated primarily by applying best management 
practices (BMP's). BMP's will include both management practices (proper 
timing and amounts of fertilizers and pesticides, irrigation water 
management, residue management, etc.) and structural practices (grassed 
waterways, filter strips, terraces, conveyance and application systems 
for irrigation water, sediment basins and traps, etc.). The practices 
will be tailored to the soils, cropping systems, and kinds of pollu- 
tants. USDA will promote the development of innovative BMP's. 


0) USDA will give priority to the least costly ways to treat critical 
areas. Management BMP's will be used as the first step in the solution 
and then supplemented where necessary by structural BMP's. 


ESCS has developed a model to identify and rank critical ASA's on the basis 
of social and environmental factors coupled with the effects of pollutants on 
water quality. Resources for the Future (RFF) has devised a National Water 
Network Model CARD-USDA that estimates pollutant loadings based on land use 
projections from the Linear Programming Model developed by USDA and the 
Center for Agricultural and Rural Development (CARD). Other social and 
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environmental factors must be considered along with the RFF estimates to 
identify ASA's with severe pollution problems. Once these factors are known, 
information on priority areas can be used to alter inputs to the CARD-SCS 
Linear Programming Model to provide new projected conditions. These models 
are discussed in detail in chapter 7. 


In selecting the most critical ASA's, USDA will use the following assump- 
tions: 


Oo The density of population is important in ranking ASA's. This assump- 
tion is unpopular with people in less densely populated areas and with 
those who place high priority on enhancing or protecting the natural 
environment or on maintaining or improving recreational areas. 


O The number of miles of polluted streams per square mile in the ASA is 
also important. This assumption is unpopular with those who would treat 
areas with the highest erosion rates no matter how little water is 
affected by the resulting sediment and associated pollutants. 


fC) Pollutants that directly affect human health are more significant than 
those that primarily cause economic losses or that affect fish and 
wildlife. 

) Resources are limited and should be used in the most treatable areas 


where the most water can be improved with a given investment. This 
approach will be unpopular with those who would treat the worst problems 
first regardless of the costs. 


O The combined significance of all agricultural nonpoint source pollutants 
must be considered. This approach is unpopular with those who would 
select a single pollutant and invest all available resources on the 
control of that pollutant at the expense of controlling others. USDA 
selected this approach because neat boundaries normally do not exist 
between the various pollutants. 


USDA gave equal weight to the following factors: 
1. Population per square mile in the ASA. 
2¢ Polluted miles of streams per square mile in the ASA. 


USDA also assigned the pollutants relative levels of importance and ranked 
the ASA’s accordingly. 


Level of 
Pollutant importance 
Toxic substances------ 4.0 
Organic wastes-------- 3.0 
NUCH ENUS “gee eee ae PAS 
Dissolved solids------ 2.0 
Sediment s- nr omee r= 5 a 1.0 
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USDA developed a composite index that combines information on pollutant 
loadings, treatment costs, intensity of chemical and fertilizer use, and 
pollution levels estimated by the CARD-SCS Linear Programming Model and the 
RFF Model. Standardized values are computed for the various factors and 
combined for each pollutant category. The values for the pollutant cate- 
gories are weighted as outlined above to develop the composite index. 


The priority model was designed to identify ASA's where the more critical 
pollutants or combination of pollutants are affecting a large number of 
people, where existing pollution problems are severe, and where a dollar 
spent will yield the largest return. 


Alternative Objective Levels 
USDA defined three alternative levels for water quality objectives. USDA 
could use any one of these alternatives in future programs, depending on the 


objective levels it chooses for the other potential problem areas. 


USDA defines adequate treatment as the level of treatment necessary to meet 
the following water quality goals: 





Pollutant Goal 

Sediment ----------------- 0.2 ton/acre/year 

Organic was e@=---=——=———=— 200 coliforms/100 milliliters 
Nitrogen-=---=-----~--—-- 10 milligrams/liter 
Picspniorus-—-—-----—-—— == 0.3 milligram/liter 
Uiesolved solids-=—===--—— 500 milligrams/liter 

USE SSR eet zero 


In terms of the proportion of areas adequately treated, these objective 
levels could be: 


fc) High level objectives.--Adequately treat 75 percent of the critical 
areas in the 20 most critical ASA's, 50 percent in the next 20 most 
critical ASA's, and 20 percent in the remaining ASA's. 


O Medium level objectives.--Adequately treat 50 percent of the critical 
areas in the 20 most critical ASA's, 25 percent in the next 20 most 
critical ASA's, and 10 percent in the remaining ASA's. 


fo) Low level objectives.--Adequately treat 25 percent of the critical areas 
in the 20 most critical ASA's and 5 percent of the critical areas in the 
remaining ASA's. 


Recommendations for Future Analysis 


Identifying water quality problems is one part of the Section 208 planning 
carried out under the Clean Water Act. This planning effort covers the 
entire United States. Fifty statewide and 176 areawide plans are being 
developed, certified by governors, and approved by the Environmental Pro- 
tection Agency. By October 1, 1979, 41 statewide plans and about 159 
areawide plans were completed. Together, these plans will show the extent 
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and severity of water quality problems. Although time will not permit com- 
piling these data for the 1980 RCA reports, the approved plans will provide a 
solid base for the 1985 reports. USDA should develop a systematic method for 
analyzing and using the Section 208 plans in the 1985 RCA analysis. 


The 1980 RCA analysis was hampered by the lack of specific data on how 
applying best management practices to varying degrees affects water quality. 
Research in this area is expanding and should be strongly encouraged so that 
better data are available for the 1985 reports. 


Socieconomic research should be conducted using the Model Implementation 
Plans and the Agricultural Conservation Program special water quality pro- 
jects to determine what mix of incentives would best encourage landowners to 
apply best management plans. 


In the short term, it is unrealistic to expect to have monitoring data on 
small critical watersheds in sufficient detail to document the extent of 
water quality problems or to determine the effects of control efforts. (Many 
efforts may be deferred for several years.) However, a number of predictive 
models have been or are being developed. The use of these models should be 
encouraged, and their reliability should be verified. 
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Section C-Potential Problem Area 3, Water Supply and Conservation 


Problem Statement 


Although the United States has an ample supply of water from both surface and 
underground sources, the uneven distribution of precipitation often causes 
regional or local shortages. Although generally associated with the arid 
West, water shortages can occur in any season and in any part of the Nation. 
Many humid areas of the East experience periodic water shortages. At times, 
inadequate water supplies can be caused by poor water quality or by economic, 
social, or environmental constraints (USWRC, 1978). 


The dependability of surface water supplies is as important as their loca- 
tion. Water plans must consider probable yearly and seasonal variations. 


Reservoirs may be needed to storé water during periods of excess for release 
as needed. 


During the past 25 years, the use of ground water has increased faster than 
the use of surface water. Although they are interrelated, we know less about 
ground water than we do about surface water. The overdraft of ground water 


is a serious concern. About 25 percent of all ground water currently with- 
drawn is overdraft. 


All offstream users of water compete for the available supply. As compe- 
tition becomes more intense, conflicts will occur. Consumptive uses other 
than irrigation may double by 2000, from 20.2 billion gallons per day (bed) 
to 42.6 bgd (USWRC, 1978). The emphasis on energy production may develop 
additional uses. Irrigation use is expected to increase by 6.1 bed, from 
86.4 bgd to 92.5 bgd, although some state and regional planners suggest that 
the increase may be double that figure (to 100 bed). 


Irrigation is the major consumer of water. Water used for livestock and 
rural communities, while important, is but a small fraction of that used for 
irrigation. The most widespread need for the remaining available water is 
instream use. The estimated instream flow requirements for fish and wildlife 
are the highest of all instream uses. 


Recent recognition of and increased public commitment to instream fish and 
wildlife water needs could involve more of the Nation's water supply than all 
other uses combined. This would cause intense competition between instream 
and offstream uses. Disagreement on how much water is needed for each use 
will make it difficult to find an appropriate balance. Although reliable 
estimates of instream requirements are sometimes available, finding an equit- 
able means for allocating water to this use is a major problem. 


The Problem in Detail 


Types of water shortages.--Water shortages exist wherever demands exceed 
supplies. In chronic water-short areas, rechargeable ground water and sur- 
face water supplies are inadequate to meet withdrawal demands in years of 
average precipitation. In these areas, demands can be met only by depleting 
(mining) ground water (see "ground water mining" in the glossary). Soil 
moisture and ground and surface water supplies are not replenished during 


Soil] 


droughts. Flood waters are lost for possible beneficial use. Poor water 
management increases water pollution from nonpoint sources. 


fe) Insufficient Soil Moisture for Crop Production.--"Rainfed" and dryland 
agriculture, involving 356 million acres, produces 75 percent of the food and 
fiber in the United States. Most of the food products exported to meet world 
food needs are produced on nonirrigated lands. 


Soil moisture plays a key role in the food chain of plants. Agricultural 
activity must be adapted to the moisture conditions of the climatic regions. 
In the humid regions, agriculture depends on precipitation with some supple- 


mental irrigation for high value crops. In the semihumid and semiarid 
regions, farming depends primarily on stored soil moisture and increasingly 
on irrigation. In the arid regions, crop production depends totally on 
irrigation. 


In humid areas, primarily east of the 98th meridian or on western slopes near 
the Pacific Ocean, the safe removal of excess water from the land is a con- 
cern. The root-zone profile is generally filled between the harvest of one 
crop and planting of the next crop. Precipitation during the growing season 
is generally adequate to ensure reasonable crop production, and water erosion 
is sometimes a hazard. Nevertheless, moisture deficiencies during the 
growing season are common, especially on sandy soils. This affects the 
quantity and quality of crop production. Unless conservation measures are 
applied, even short dry periods can reduce yields on half of the 150 million 
acres of humid cropland. 


The type of crop and the soil influence soil moisture. Drying of soil where 
plants are growing depends on the plant rooting depth, the amount of water in 
the soil, and the ability of the soil to give up that water to plants. 
Improving soil moisture availability could increase yields an average of 
about 5 percent. 


Water conservation is a major concern on cropland and rangeland where water 
availability is the primary factor limiting crop and forage production. In 
some areas, soil moisture is so low that the land must be left idle for an 
entire growing season in order to accumulate sufficient soil moisture for 
crop production. In most subhumid and semiarid areas, precipitation is 
normally adequate to support dryland crops and rangeland forage 4 years out 
of 5 (USDA, 1979). 


There are more than 850 million acres of public and private rangeland in the 
United States. This includes nearly 400 million acres of federal rangeland, 
administered by the Department of the Interior, and about 45 million acres of 
nonfederal rangeland. In addition, there are over 61 million acres of non- 
federal grazed forest land and 58 million acres of grazed forest land ad- 
ministered by USDA. All of this land provides the principal source of forage 
for thousands of cattle and sheep operations in the 17 western states. Pro- 
duction on most of this land is limited by precipitation; it is estimated 
that this range is producing at about 40 percent of its potential. The 
growing population and rising demand for beef will probably increase the 
demand for range grazing. But urbanization and irreversible land use changes 
will probably remove about 0.5 million acres of rangeland per year from 
grazing use. 


32118 


Oo Irrigation Water Requirements.--More water is withdrawn for agriculture 
than for any other functional use. About 47 percent of the fresh water 
withdrawn is for irrigation. About 8] percent of consumption--water with- 


drawn from and not returned to ground or surface sources--is for irrigation 
(USWRC, 1978). 


The amount of irrigated land has doubled in the past 30 years (table 3C-1) 
Recent increases have been especially large in Nebraska and western Kansas. 
Although irrigated acreage increased nationally, half of the counties re- 
porting irrigated land in the 1974 Census of Agriculture had a net loss in 
irrigated land. This usually reflected temporary or permanent limitations on 
the water supplies (USDA, 1977a). Net acreage of irrigated land will need to 
increase to keep pace with increased food and fiber demands. 


The development of irrigated farming has had considerable impact on the 
agricultural economy of the United States, particularly in the 17 western 
states. A recent study found that the average number of acres of irrigated 
cropland harvested in 1971-73 was about 12 percent of the total acreage of 
all cropland harvested, but irrigated production amounted to 27 percent of 
the total value of all U.S. cropland production, or about $12 billion (U.S. 
Dep. of Commerce, 1974). 


The regional importance of irrigated crop production varies considerably. In 
the early 1970's, nearly 90 percent of the total value of crops produced in 
California; over 80 percent in Utah, Idaho, New Mexico, Oregon, Colorado, 
Texas, and Florida; and nearly 50 percent in Nebraska were produced on irri- 
gated land. Nevada and Arizona have very little nonirrigated cropland. 


The value of irrigation to the farmer is higher per acre for fruits and 
vegetables than for most field crops. Fruits and vegetables have high in- 
vestment and production costs per acre. This increases the economic risk if 
the crop fails or yield is reduced because of drought. Irrigation reduces 
the risk of not getting adequate rainfall, allowing farmers to produce a 
plentiful supply of a high quality product at a lower cost. 


Irrigation return flows and agricultural land runoff are dominant nonpoint 
pollution sources (see glossary). This problem is discussed in section 3B, 
Water Quality. 


The total economic or social value of irrigation is more than just the 
increase in agricultural production. Additional economic growth is also 
generated in the agricultural processing and marketing industries. As pro- 
duction increases, the demand for fertilizer, machinery, pesticides, labor, 
and other commodities increases. This generates economic growth which is 
estimated to be approximately equal to the growth in the value of agri- 
cultural production. 


0) Water for Other Uses.--Water shortages and poor quality water supplies 
are severe problems for sustained production of livestock. Rural household 
users -also have problems with insufficient water supplies and supplies that 
do not meet drinking standards. These problems are common for the 17 percent 
of the population that have their own water systems and for those who are 
served by small community central systems. 


Sri 


Table 3C-1.--Top 20 states in the number of acres irrigated (1974) 


Irrigated acres (1,000's) 





State 1944 1954 1964 1974 
California ]-------------- 4,952 7,048 7,599 7,749 
Texas 2-------------- 1,320 4,707 6,385 6,594 
Nebraska 3ennn- nner n--- 632 seat Fy | 2,169 3,967 
Colorado hennn---------- 2,699 25263 2,690 2,874 
Idaho eT eS 2,026 Rcyls 2,802 2,859 
Kansas 6--e cern ------ 96 B32 1,004 2,010 
Montana | Cotati 14555 1,891 1,893 19/59 
Oregon 8-------------- 1,129 1,490 1,608 1,001 
Florida Qennen-------- 222 428 21/ Heel) 
Wyoming 10-------------- 1,354 1,263 Bol1 1,460 
Washington ll-------------- 520 778 Nees!) 1,309 
Arizona l2-2------------ 726 Valse 120 Leise 
Utah l3-c2ee-22--2--- 1,124 L,073 14,092 970 
Arkansas 14-------------- 289 858 974 949 
New Mexico 5 nrrr rr nrc nn-- 535 650 813 867 
Nevada l6---20-e------- 674 567 825 778 
Louisiana L/easn@=----=-== 536 708 581 702 
Oklahoma 18 -ee- <n -- === 2 108 302 515 
Mississippi 19-------------- A 132 123 162 
South Dakota 20-93 --9--- "=== Jo 90 130 bey. 
All other states----------------- 85 493 1,003 1,294 

SUSSCACES  BtOla asp ae =o 20,539 295502 37,056 41,243 


1/_ Less than 500 acres. 
Source: U.S. Dep. of Commerce, 1974. 


3-120 


For domestic and commercial purposes, central water supply systems provided 
an average of 27 billion gallons per day (bgd) to 179 million people. About 
21 bgd were treated and returned to water supplies. Domestic and commercial 
use is expected to increase 20 percent during the next 25 years. 


Water consumption for manufacturing is expected to increase from 6 bgd to 
15 bgd by 2000 even though recycling is expected to increase tenfold because 
of pollution control limitations on water discharge (USWRC, 1978). Water 
consumed for steam-powered generation of electricity will probably increase 
about seven times because of changes in cooling technology. The increased 
production of energy from other fuels, such as coal and oil shale, will 
require more water. Problems in water supplies for energy production are 
emerging in water-short areas where there are large coal and oil shale 
deposits. 


Water supplies are already limited for cities, industry, mining, energy 
production use, irrigation, livestock, and rural domestic use. Study teams 
identified specific problems during the Second National Water Assessment 
CL) gi 36-1). 


O Diminished Streamflow.--Diversions of water for offstream uses have 
significantly modified the natural environment. In some cases, these diver- 
sions and consumptive uses have resulted in depleted streamflow, ground water 
overdrafts, degradation of water quality, and modification of terrestrial and 
aquatic habitats. In other cases, the supply and distribution systems have 
extended seasonal streamflow, improved the quality of water and aquatic 
habitat, and provided flood control and recreational opportunities. Depleted 
streamflow in 22 percent of the subregions has seriously degraded instream 
flow conditions for fisheries, wildlife, and recreation. Depletions in 
another 18 percent of the subregions have caused instream flow conditions 
that are less desirable for aquatic life. During dry periods, every sub- 
region has at least some months in which streamflows are less than the opti- 
mum for aquatic life. 


Streamflow depletion can affect water quality as well as water quantity. 
Agricultural irrigation can degrade water quality through a concentrating 
process (increasing the concentration of substances in the water through 
transpiration and evaporation) and a loading process (adding contaminants 
from soils and substrata to the return flow). 


Diverted water, particularly water used in agriculture, has created sig- 
nificant environmental impacts. 


O Seepage from both conveyance and farm distribution systems has 
created diverse forms of fish and wildlife habitat ("induced wet- 
lands"). This affects riparian ecosystems and the small game, 


waterfowl, and other residents of these systems. 


fe) Seepage from irrigation conveyance systems and _ irrigation 
water application has increased the recharge of aquifers. 


) Diversions of water from some streams have degraded the quality of 
aquatic communities and affected the migration of anadromous fish. 
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Subregion with inadequate streamflow (“1975’’-2000) 


WG 70 percent depleted in average year 


___| 70 percent depleted in dry year, and average year 





es Less than 70 percent depleted 


Specific problems (as identified by Federal and State/Regional study teams) 


%* Conflict between offstream and instream uses 
Inadequate supply of fresh surface water to support— 


Offstream use 


@ Central (municipal) and noncentral (rural) domestic use 
O_s+iIndustry or energy resource development 
A Crop irrigation 


Instream use 


B® Fish and wildlife habitat or outdoor recreation 
@ Hydroelectric generation or navigation 


Figure 3C-1.--Problems of inadequate water supply.. (USWRC, 1978) 
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fe) Return flows from irrigated areas may contain biocide residues, 
salts, nutrients, and sediment, and may reduce the quality of many 
facets of the environment. 


Causes of Water Shortages.--Shortages of water are caused by scarce water 
supplies, water demands (requirements) larger than water yield, fluctuating 
water supplies, and fluctuating water demands. Water deficits may result 
from one or more of these causes. 


re) Scarce Water Supplies.--Water shortages occur when precipitation is not 
sufficient to replenish ground and surface supplies. Supply shortages are 
likely to be prevalent in areas that are underlain with aquifers yielding 
less than 50 gallons per minute to wells and that have less than 1 inch of 
runoff (fig. 3C-2). Generally, areas receiving less than 20 inches of pre- 
cipitation (see Appraisal Part I, p. 5-3) have less than 1 inch of runoff. 


fe) Requirements Larger than Water Yield.--Water shortages occur when the 
demand for water exceeds the available supply. About 340 billion gallons per 
day (bgd) of fresh water are withdrawn from the over 1,300 bgd steady-state 
yield in the conterminous United States. Nearly 230 bgd of the withdrawals 
are returned to the streams and aquifers. About 106 bgd are consumed, and 
15 bgd are lost through evaporation. Nationally, depletions account for less 
than 10 percent of the steady-state yield. But in 8 of the 99 subregions in 
the conterminous United States, water depletions in the year 2000 are ex- 
pected to exceed 90 percent of the average streamflows (fig. 3C-3). In some 
months, offstream uses require less than 1 percent of the average streamflow 
in the New England Region, whereas offstream uses require all the flow in 
most months in the Lower Colorado Region. 


fe) Fluctuating Water Supplies.--The varied geographic and climatic con- 
ditions of the United States cause precipitation patterns to continuously 
change. Precipitation, and the resulting runoff and streamflow, varies 


widely from year to year. There is much more water flowing out of a water 
resources region in a very wet year than in a very dry year. (See Appraisal 
Part I, pp. 5-14 and 5-15.) Annual streamflow in 8 years out of 10 is less 
than 70 percent of the mean annual flow in 44 percent of the subregions. 


Seasonal variations occur in runoff and streamflow. (See Appraisal Part I, 
pp. 5-17 to 5-19.) Monthly precipitation may vary by more than 400 percent. 
(See Appraisal Part I, p. 5-13.) In six months of a dry year, flows may be 
less than half of what they are in an average year in 40 percent of the 
subregions. Normal monthly distribution of runoff in figure 3C-4 illustrates 
the fluctuating supplies. 


Droughts. Crops from most of the Nation's cropland and forage from 
nearly all of the grazed land are dependent upon rainfall. Although the 
30 to 50 inches of precipitation per year in the humid areas is usually 
sufficient for crop production, droughts of several weeks to several 
months occur in most years. In subhumid and semiarid areas, the 10 to 
30 inches of precipitation per year is normally adequate to support 
dryland crops and rangeland forage. Precipitation during the growing 
season significantly affects production in 2 years out of 10 (USDA, 
1979). 
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(USDI et al., 1979) 


-3.--Expected streamflow depletion by the year 2000 and number of months in which streamflow 


depletion exceeds 40/70/90 percent, by subregion. 


Figure 3C 
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Periods of abnormally low moisture sometime persist beyond a single 
growing season. Long droughts are most common in arid and semiarid 
areas. These droughts exhaust the available soil moisture, empty 
reservoirs, and fail to replenish lakes and streams or recharge aqui- 
fers. See figure 3C-5, and also see Appraisal Part I, p. 5-22. 


Floods. Streams and rivers do not have the capacity to carry abnormally 
large amounts of water. Water spills over the stream channel and inun- 
dates adjacent areas (flood plains). There are about 187 million acres 
of nonfederal flood prone land in the United States. Of this, 48 mil- 
lion acres are cropland; 106 million acres are pasture, range, and 
forest land; and 33 million acres are other land, including urban and 
built-up areas (USDA, 1978). Twenty-one thousand communities (6,150 
having populations over 2,500) experience flooding. nyo yrethe 
estimated potential property damage from floods was $3.4 billion (1975 
dollars). Upstream flooding is discussed in section 3E, Upstream Flood 
Damages. 


Most of the water that causes flood damage flows to the sea providing 
little beneficial use. Total flows into the ocean in the conterminous 
United States average 1,223 bgd. This includes over 230 bed of water 
that was withdrawn from and returned to the system. Much of this flow is 
needed to satisfy instream requirements. In some years as much as 
2000 bgd flows into the ocean. In flood years, some 200 trillion 
gallons of water may be lost to any beneficial use. 


fc) Fluctuating Water Demands.--Water demands are the amounts of water of 
acceptable quality needed at a particular location for use during a stated 
period of time. Each water use has its own water requirement. Water demands 
fluctuate widely depending on the particular use and time. 


In 1975, an estimated 8.2 bgd was withdrawn from ground-water supplies and 
9.5 bed was withdrawn from surface supplies for livestock, rural households, 
and small communities in the U.S. and Caribbean area. About 6.2 bgd were 
consumed, and the remaining 11.5 bgd were returned to the system. Livestock 
and domestic use varies markedly during the day. Domestic use is lowest 
during the night, then increases about six times to an 8:00 a.m. peak. 
Livestock operations peak use occurs during feeding and cleanup periods and 
when animals come in from the field. 


Household water use ranges from 8 to 80 gallons per capita per day. It 
varies during the year because of lawn and plant watering, vehicle washing, 
and such personal uses as bathing. The design of noncentral water supply 
systems must recognize monthly variations. Livestock requirements vary 
because of composition of the herd or flock; temperatures; seasonal rations; 
and evaporation from stock water ponds. 


In 1975, an estimated 56 bgd were withdrawn from ground water supplies and 
102 bgd were withdrawn from surface supplies for irrigation in the Uses. sand 
Caribbean area. About 86 bgd were consumed and the remaining 72 bgd were 
returned to the system. Irrigation water is usually applied only during the 
growing season. Irrigation water requirements vary because of climate, soil 
moisture, precipitation during the growing season, crop requirements, appli- 
cation efficiencies, and conveyance and delivery systems. 
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Many water resource planners do not use the "bdg" measurement because they 


believe that averaging water quantities over the year gives a distorted 
impression. 


Values of instream flows relate to uses made of water in the stream channel, 
including maintaining fish and wildlife, outdoor recreation, navigation, 
hydroelectric generation, waste assimilation, and ecosystem maintenance. 
Streamflow should be sufficient to sustain these uses. The amount of water 
flowing through a natural stream channel needed to sustain the instream 
values at an acceptable level varies considerably during the year. 


Water Supply Problem Areas.--Water supply shortages exist in 60 percent of 
the Nation's hydrologic subregions (USWRC, 1978). Competition for scarce 
supplies is greatest in arid and semiarid areas. Regional average annual 
data often mask local periodic water shortages. The number of months that 
water requirements exceed supplies is shown in Appraisal Part I, pages 5-64. 
Nearly every part of the Nation experiences water shortages at times, but 
shortages are most prevalent in the arid and semiarid western states. 


Nationwide, an estimated 81 percent of all water consumed is used in irri- 
gation. In arid and semiarid areas, water consumed for irrigation may exceed 


90 percent (table 3C-2). Streamflows are often inadequate to maintain in- 
stream values (fig. 3C-6). 


fe) Water Short Areas.--Deficits most often occur in areas where depletions 
are large. USDA has identified areas of impending agricultural water supply 
shortages as areas in which a depletion of 40 percent or more of the surface 


water available is expected to occur during critical average months in 1985 
(eis. 3C-7). 


For figure 3C-8, hydrologic units are designated as water-short if: 


(1) Streamflow depletion during a critical month (month when deficiency 
is greatest or surplus flow is least) is 40 percent or greater, or 


(2) Streamflow depletion during any month is 70 percent or greater, or 


(3) Streamflow is deficient two or more months, where the ratio of 
total annual use to total streamflow exceeds 60 percent. 


Based upon projected water data for 1985 (USWRC, 1978), and applying the 
above criteria, there are a total of 56 water short aggregated subregions 
(ASR's) in 15 regions covering all or part of 30 states in the conterminous 
United States. Most of these areas are in subhumid, semiarid, and arid 
climates (see Appraisal Part I, p. 5-20) and have scarce water supplies (see 
fig. 3C-2). The 17 western states (fig. 3C-9) are considered the water-short 
areas for this report. 


States with humid climates generally have sufficient water. Water shortages 
can occur, however, during dry periods or high withdrawal periods, especially 


at locations away from the source. 


fo) Ground Water Overdraft Areas.--Over 25 billion acre-feet of ground water 
in the United States can be feasibly withdrawn. The potential steady-state 
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Mean streamflow is always 100%. 


Figure 3C-6.--Comparison of water supply and water requirements. 


year streamflow and instream and offstream requirements are expressed as a percentage of mean streamflow. 
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yield probably exceeds 400 billion gallons per day. One-third to one-half of 
the United States is underlain by aquifers capable of yielding 50 gallons per 
minute or more to wells. Ground water withdrawals account for 24 percent of 
total fresh water withdrawals. The degree of dependence on ground water 
varies by location (fig. 3C-10). About 80 percent of all United States 


municipal water systems are supplied by wells. Most of the rural population 
depends on ground water sources. 


The largest use of ground water is for irrigation--69 percent of the 92 
million acre-feet withdrawn (in normalized 1975). An estimated 23 million of 
the 92 million acre-feet withdrawn were ground water overdrafts. In areas 
where less than 30 of 100 gallons withdrawn are recharged, withdrawals will 
become impractical within the next 30 years. These areas are indicated "most 
critical" in figure 3C-11. 


Continued ground water withdrawal in excess of natural recharge eventually 
exhausts the usable water table, diminishes spring flow and streamflow, 
causes subsidence and fissures, and allows salt water intrusion into fresh 
water aquifers in tidal areas. Although there are large reservoirs of ground 
water that can be feasibly withdrawn, recharge from precipitation is inade- 
quate for replenishment in some areas. Unless there is adequate recharge 
and water available for percolation is at least equal to withdrawals, there 
will be ground water mining (see glossary). In many arid and semiarid re- 
gions, agricultural production is based on ground water mining and therefore 
cannot be sustained indefinitely. 


In many areas that have declining water tables, irrigation activities will be 
abandoned before the water is exhausted because of the increasing cost of 
bringing it to the surface. The severe and continuous decline of the water 
table in the high plains area of Texas, for example, is the result of decades 
of pumping for irrigation. Large areas of irrigated land were abandoned when 
high pumping lifts and sharp increases in prices for fuel to run the pumps 
made continued production uneconomical (USDA, 1979). 


In the critical ground water depletion areas, an average 68 bgd of water are 
withdrawn from surface and ground water supplies for irrigation. About 53 
percent of this comes from ground water sources. Assuming that ground water 
mining is about the same portion of the total for irrigation as it is for 
other uses, an average of 15 bgd are being mined for irrigation. About 15 
percent of the yearly $10.2 billion value of crop production in these areas 
can be attributed to irrigation with ground water overdrafts. 


The Gila River Basin in southern Arizona and western New Mexico is an example 
of a water-short area that has severe ground water problems (EPA, 1979). 
This basin encompasses an extensive agricultural area. Irrigation represents 
about 90 percent of total water withdrawals. Surface water outflow from the 
basin is negligible. The economy of the region is supported by mining ground 
water. Table 3C-3 compares overall water use with the available supply for 
the Gila Basin. Ground water mining provided more than 55 percent of the 
total supply in 1975. In order to prevent ground water mining, water supply 
and use would need to be balanced by either a reduction in use or an increase 
in supply. If the adjustment were to be made only by agriculture, avoiding 
ground water mining would require the amount of land irrigated be reduced to 
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which ground water withdrawal exceeds natural recharge. 


3C-11.--Areas in 


Figure 


Table 3C-3.--Water availability and water use in the 
Gila River Basin (ASR #1503) in 1975 and projected for 2000 


em ese en eeepc eo pen cg pn See a RSP Se 


Availability 1975 2000 
(billion gallons per day) 





Total supply (with mining) 526 NA 1/ 
Total supply (without mining) La Le 
Surface water Negligible Negligible 
Net imports Negligible Negligible 
Net reservoir evaporation (0.2) (0.2) 
Ground water 1.9 1.9 
Ground water mining 2e1 NA 1/ 
Use 1975 2000 2000 
(with mining) (without mining) 
With- With- With- 
drawal Consumption drawal Consumption drawal Consumption 
Total Use 6.3 305 Sei B.S 2.8 lee? 
Irrigation 5.6 Sau 4.6 Ph ie | Lies 1.0 
1/ NA means not available. 
Source: EPA, 1979. 
about 600,000 acres. If ground water levels continue to decline, economic 


pressure could put an end to ground water mining because increased pumping 
costs would make irrigated agriculture less profitable. However, the compe- 
tition among uses, in conjunction with the extensive mining occurring in the 
basin, poses a threat to all water uses. 


Scope 


Given the resource problems and capabilities of the Nation's water supply, 
certain actions must be undertaken to meet future needs. USDA's role in 
water supply and conservation should be to minimize the imbalance between 
supply and demand. This can be done through programs to reduce or minimize 
the demand for water, by better management of developed water supplies, and 
by development of new supplies to meet critical needs within environmental 
and economic limits. 


Agriculture is the largest consumer of water, using four times the combined 
consumption of all other sectors. Water for food and fiber production is of 
major significance to USDA and of major concern to other users. Focusing 
attention on the adequacy and dependability of the water supply for a single 
usage may miss possible shortages for other uses. Even now, demand often 
exceeds supply in some areas at certain times. 
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Because agriculture is the largest user of water, variations or changes in 
agricultural use are highly significant for total water use. Even small 
adjustments in agricultural water use can have a great effect on the quantity 
and quality of water available for other uses. Water supply and conservation 
activities in which USDA participates fall generally into the broad headings 
of demand management and supply management. 


Demand Management.--In considering ways to meet the demand for water, there 
are basically two approaches available. One way is to increase the produc- 
tivity of water used so that greater output of crops results from a fixed 
quantity of water. This would reduce the total amount of water used. An- 
other way is to reduce demand for water in one region so that more is avail- 
able to another region. There are choices nationally as to where a product 
is produced. The impact of this approach on people and resources is more 
regional than national. 


To increase the productivity of water, irrigation water conservation measures 
to reduce incidental losses and minimize quality degradation can be employed. 
Optimum levels of moisture for crop production should be provided. Farmers 
can conserve water and still maintain production levels by planting improved 
crop varieties that consume less water. Reservoir evaporation can be sup- 
pressed. 


The shifting of production from one area to another can occur in several 
ways. The market place will do this automatically, but this can adversely 
affect resources and people. Certain public actions can be taken to bring 
about desirable adjustments in ways that minimize adverse effects on re- 
sources and people. 


Supply Management.--Because the economy is dynamic, there will be shifts in 
water use and land use that require changes in water supplies. Existing 
localized problems in water supply for agricultural and other rural uses and 
the expanding or shifting demands for water in the future make improved water 
supply management important. 


Water users should find ways to improve inadequate or unreliable supplies. A 
number of opportunities exist for improvements in water supply. The overall 
amount can be increased and supplies in surface and subsurface basins can be 
better utilized. Weather modification, vegetation and snowpack management, 
soil moisture conservation, water harvesting, and ground water recharge are 
all techniques for increasing supplies. Water supply storage, interbasin 
transfers, and development of ground water aquifers can provide supplies for 
Site-specific purposes. Conjunctive use of surface and ground water, control 
measures for more timely distribution, and reuse systems can make fuller use 
of existing supplies. 


Focus 
Water supplies and their uses vary greatly by location. However, much of the 
land in the Nation's watersheds is agricultural land. Vegetation on these 


agricultural lands plays a dominant part in the hydrologic cycle. Water work 
projects often take place on farmland. Irrigation is the dominant legal use 


etouley 


of water rights. Agricultural interests in water supply, use, and removal 
prevail nationwide. 


Different forms of agriculture are adapted to moisture conditions of dif- 


ferent climatic areas. In the humid East, farmers rely on rain for most 
crops. Supplemental irrigation is sometimes used on high value or spe- 
cialized crops. In the subhumid and semiarid midcontinent and northwest, 


farmers and ranchers irrigate or depend on stored soil moisture. In these 
areas, particularly the Great Plains, precipitation is variable, and the 
dryland farming and rangeland are vulnerable to severe weather conditions. 
In the arid southwest, farmers irrigate to compensate for the persistently 
low moisture, and there would be little chance for crop production without 
irrigation. 


USDA needs to evaluate its supply and demand management activities for water 
supply and conservation as they apply to the different forms of agriculture. 


fo) Demand management applies in areas where water supplies are scarce 
and water requirements are larger than yield. These areas are the 
subhumid, semiarid, and arid areas--the 17 water-short states (see 
fig. 3C-9). Demand management should be emphasized in areas where 
requirements exceed supplies and substantial ground water over- 
drafts are occurring. These areas are in the southern semiarid and 
arid regions--the 16 aggregated subregions in which 10 percent or 
more of the irrigation water is from ground water mining (see fig. 


SC=1 1)" 
Oo Supply management applies in areas where either the demand or the 
supply fluctuates widely. Techniques for enhancing supplies 


should be considered in water-short areas. Soil moisture conser- 
vation practices and techniques to develop supplies and to make 
fuller use of existing supplies should be considered nationwide. 


Results of the Analysis 


The capability of the water resource is its ability to meet both quantitative 
and qualitative requirements. The resource's limitations are inadequate 
volumes or impurities that restrict water use. Comparing offstream and 
instream uses with the water supply identifies the ability or inability of 
the resource to meet requirements. 


The water resource capability can change as either the quantity or quality of 


the supply or of the requirements changes. These capabilities can be in- 
creased by: 


making more water available 

limiting water requirements 

providing more dependable supplies 
distributing supplies to location on demand. 


Ono On 


Potential ways to supply and conserve water vary according to the nature of 
the water shortage. Table 3C-4 shows these relationships. 
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One cannot "make" new water, but one can make more water available in a 
water-short area, by increasing precipitation, by importing water from 
water-rich areas, or by conserving available quantities. Potential methods 
of supplying and conserving water are discussed in the following sections. 


Weather Modification.--A number of weather modification techniques to in- 
crease agricultural production are being studied. These include changes in 
precipitation, hail suppression, storm abatement, wind reduction, temperature 
modification, cirrus cloud production, fog production, change in surface 
albedo, orchard-heating, and lightning suppression (NAS, 1976). 


The most promising technique applicable to agriculture is rainfall augmen- 
tation by seeding supercooled orographic (mountain-induced) and winter cy- 
clonic cloud systems. However, the capability of cloud seeding to increase 
precipitation has not been conclusively demonstrated. Although there are 
claims of cloud-seeding success, analysis indicates that the precipitation 


Table 3C-4.--Potential ways to deal with water shortages 


Types of water shortage 


Ways to Requirement 
supply and Scarce larger than Fluctuating Fluctuating 
conserve water supply yield supply requirement 


Add to water 

Capture and retain 

Drecipitation----~-- X 0 / 0 
Increase water 
Reduce crop water 

requirements------- 0 X 6) / 
Reduce nonbeneficial 

evaporation and 


evapotranspiration- 0 X fi 0 


Store water 
S850 LL GS =a — — 0 0 X 0 


Improve distribution 
MATT Rr leah a Tole 0 0 0 X 


Key: X-applicable 


/-applicable in some cases 
O-not applicable 
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might have occurred anyway. Controlled experiments have established that, 
even if cloud seeding works, precipitation cannot be increased more than 10 
to 20 percent. Increases in precipitation of 5 to 10 percent over large 
areas could increase agricultural production. But caution is necessary 
because it is difficult to assess the effects of cloud seeding on atmospheric 
processes and the resulting impacts on society. The potential of cloud 
seeding for increasing crop production therefore remains uncertain. 


Inter- and Intrabasin Transfers.--Another means of adding to water supplies 
in a water-short area is to physically import water from another basin. 
Denver's municipal supplies are augmented by diverting water across the 
mountains from the Colorado River Basin. New York City's supplies are in- 
creased by transferring water from the Delaware River Basin. Water for 
irrigation in the Platte and Arkansas Basins is imported from the western 
slopes of the Continental Divide. 
& 

An estimated 18.2 million acre-feet per year of water are transferred from 
one basin to another. Projects to transfer another 5 million acre-feet per 
year are now authorized or funded. Additionally, quantities of water are 
diverted within basins. 


Interbasin transfers require extensive study of hydrology, engineering, 
geology, and environmental impacts on a scale significantly greater than 
traditional water development projects. The legal and political ramifi- 
cations contribute to the complexity. 


Interbasin transfers are costly. The projects are usually large, some deli- 
vering millions of acre-feet of water. Rough cost calculations suggest that 
construction may cost many hundreds or thousands of dollars per acre-foot of 
water transferred. 


Operating costs will reflect the cost of energy consumed during pumping. 
Interbasin transfers may also require indemnification to water-users who have 
vested water rights. Even if the water to be diverted is not covered by 
vested rights, it may have instream value for fish and game propagation, 
maintenance of ecological balance, and water-based recreation. These en- 
vironmental costs can be significant. 


Even though interbasin transfer of water is one of the alternatives available 
for dealing with water shortages, it appears to be a less viable approach 
than other available methods for dealing with drought problems. 


Intrabasin transfers usually. involve fewer political jurisdictions and are 
smaller in scope than interbasin transfers. There are no net evaporative 
losses in humid areas, and the needed carryover is much smaller. The less 
costly and complex intrabasin transfers may be a viable approach for areas in 
the eastern states. 


Snow Management.--Snowfed streams provide 70 percent of the water supply used 
in the west. The amount of usable water yielded by snowpacks depends on the 
amount of snow accumulated and on the rate of melt. Sunshine, temperature, 
wind, topography, and vegetation influence the distribution and melting of 
the snowpack (USDA, 1977b). 


3-142 


Conservation of rangeland snow requires the stabilization of falling and 
blowing Snow as soon as possible to reduce water losses from sublimation and 
evaporation. As much as one-third of the winter precipitation is lost 


through sublimation during redistribution by wind and through evaporation 
during the melt season. 


Vegetative windbreaks and experimental wood-slat fences can be used to con- 
serve water by trapping snow and shaping snowdrifts. The tall wheatgrass 
barrier system shows great promise for increasing snow water supplies through 
snow trapping, with the added bonus of controlling wind erosion. Accumula- 
ting snow in deeper packs as a result of barriers tends to prolong the period 
of snowmelt runoff. Snow fences may accumulate as much as 50 acre-feet of 
water per mile of fence. 


Alpine and commercial timber snowpack zones yield a major portion of the 
water runoff in western high country. In Colorado, for example, the alpine 
area produces an estimated 20 percent of the state's water runoff on only 
about 3-1/2 percent of the land. In California, 51 percent of the total 
runoff yield is produced in the snowpack of the state's commercial timber and 
alpine zones (NWC, 1973). 


It is possible to manage and selectively thin forest areas to increase snow 
accumulation or delay or advance melt to regulate the amount of water yield 
and the timing of delivery. Openings in the forest tend to trap snow, and 
wind currents redistribute it into the forest where trees shade it. The 
redistribution of snowpack resulting from the creation of openings in the 
forest produces increased streamflows because: (1) less water is used to 
replace soil moisture consumed by the harvested vegetation; (2) snow on the 
ground melts more slowly than snow on foliage; (3) more snow is deposited in 
openings; and (4) snow in an opening is exposed to evaporation for a shorter 
time. Snow in an opening melts more rapidly than snow in the forest, re- 
ducing evaporation and transpiration losses. 


Management of Soil Moisture Levels.--Deficient soil moisture is the major 
factor limiting plant growth, particularly on rangeland and nonirrigated 
cropland in the semiarid northern Great Plains (USDA, 1979). 


Increasing available water and the degree of efficiency with which water is 
used are important. In eastern Washington, each extra inch of stored soil 
moisture plus rainfall added 5.8 bushels of wheat per acre (USDA, 1977b). An 
additional 2.9 bushels per acre are produced for each additional inch of 
stored soil water plus rainfall in the Northern Plains. Data derived from 1/7 
dryland experiment stations in the Great Plains showed that, on the average, 
an additional inch of stored soil moisture increases spring wheat yields 2.44 
bushels per acre and winter wheat yields 2.72 bushels per acre. 


Insufficient soil moisture at planting time often limits crop production. 
Depletion of soil water to the wilting percentage for 6 to 8 days during the 
tasseling period reduces corn yields 50 percent. Increasing stored soil 
water is a means of increasing crop production throughout much of the major 
agricultural producing area of the United States. 


Management practices maintain soil moisture levels by directly modifying 
either the infiltration rate or evapotranspiration rate. 
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Oo Fallow--Summer fallow management keeps the land free of vegetation 
during one cropping season in order to store moisture for crop production the 
following season. About one-quarter of the rainfall that comes during the 
fallow season is stored in the soil for future crop use. 


) Weed control--Weeds waste soil moisture through transpiration. Timely 
cultivation, proper use of chemical weed killers, and keeping the land free 
of weed seed are effective methods of controlling weeds. 


Oo Stubble-Mulching--Maintaining the stubble or crop residue on the surface 
protects the soil and conserves moisture. Stubble mulching helps to check 
runoff. It also improves the soil's moisture retention and granular struc- 
ture and protects it from erosion. 


Oo Adequate Cover--Crops, plant residues, or mulches on the surface of 
cultivated lands help to prevent erosion and slow runoff, thereby helping to 
conserve moisture. Proper management of plant cover makes some mechanical 
conservation measures unnecessary. 


) Cropping Systems--The most efficient use of available moisture is often 
the goal in selecting a crop or cropping system. In order to achieve this, 
farmers in dry areas must realize that selection of crops with regard to 
seasonal moisture requirements, timeliness of seeding, and cultivation at the 
proper time are important. The amount of additional water needed for a 
particular crop may be lowered somewhat by growing it after another crop that 
does not exhaust the water supply in the soil. Grasses help to keep the soil 
in place and make it receptive to water. Sorghum and cotton can withstand 
dry periods and resume growth when it rains. They yield more if their growth 
is not interrupted by drought, but they are not total failures in dry years. 
Water loss through transpiration can be reduced by growing fewer plants per 
acre. The crop or cropping system can help control the amount of runoff and 
aid soil moisture retention on sloping land. 


Oo Adequate Fertility--Fertility is essential for the efficient use of soil 
moisture. If adequate amount of the essential nutrients are available in the 
soil, plants can make efficient use of limited moisture supplies in the 
surface layer and extend their roots into the subsoil to utilize moisture 
stored at greater depths. 


) Minimum Tillage--If the land is not tilled or if tillage is held to a 
minimum, surface soil is not disturbed and, therefore, is more porous and 
less subject to erosion. Stubble residue remains on the surface and helps to 
retain water, thereby giving the water time to infiltrate the soil. 


O Subsoiling or Deep-Plowing--These practices shatter or disrupt sub- 
surface horizons that restrict the downward movement of water and the pene- 
tration of plant roots. This reduces runoff losses and increases the amount 
of water stored in the soil. The effectiveness of these practices is 
generally short-lived and depends on the kind of soil and the amount of water 
to be stored. 


Oo Contour Cultivation--Contour tillage effectively conserves soil moisture 
when it is used with other good farming practices. Planting across the slope 
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reduces the amount of runoff and thereby increases infiltration. The capa- 
city of the soil to absorb water is increased by the contour operations. 


O Stripcropping--Long, narrow strips of rowcrops alternate with strips of 
such close-growing crops as small grain, hay, or pasture in the same field. 


The close-growing crops tend to slow runoff and to give water time to enter 
the soil. 


) Terraces--Terracing is similar in concept to contouring. Large earth 
ridges are constructed across a sloping area to intercept runoff water and 
allow it to infiltrate the soil. 


) Range-Pitting--This technique involves scooping out shallow discon- 
tinuous pits in order to capture runoff and concentrate moisture which would 
otherwise be lost. 


) Water-Spreading--If the relief of the land limits the collection and 
diversion of runoff water from higher land for use by crops in lower areas. 
Diversions or terraces may be laid out to collect, convey, and spread the 
water. lLand-leveling, the reshaping of the land surface, can improve the 
uniformity of water application and distribution. 


fC) Cultivation Practices--Tile drains, open ditches, and waterways safely 
remove excess water. These drainage practices reduce the amount of quick 
runoff in humid areas and increase the storage capacity of the soil. The 
timeliness of field operations, application of fertilizers, supplemental 
irrigation, selection of crop varieties, plant populations, and row spacing 
all affect the soil condition and the soil-water-plant relationship. 


Water Harvesting.--Water harvesting is the collecting and storing of pre- 
cipitation runoff from areas treated to reduce intake. It has been practiced 
for several thousand years (USDA, 1977b). This method is receiving renewed 
attention for increasing available water supplies in many areas. Intake 
reduction (water harvesting) is accomplished in a number of ways, including 
smoothing, compacting, shaping, and using chemical or physical sealants. 
Several approaches to storing the harvested water have been investigated, 
such as pits, bags, and tanks. 


Water harvesting permits use of rangeland that previously was unusable 
because drinking water supplies were inadequate. Water harvesting can also 
supply water for wildlife. A modification of water harvesting is runoff 
farming, where water from one area of land is directed to another area to 
increase crop growth. Water harvesting may also have potential for collec- 
ting water for farmsteads and small rural communities. 


Manipulation of Vegetation.--Trees and other vegetation affect the water 
balance of a drainage basin in two ways. First, branches and leaves inter- 
cept up to 30 percent of all precipitation, which evaporates without adding 
to soil moisture. Second, roots absorb large volumes of soil water, which is 
transported through the stem and lost through the leaves as transpiration. 
Reducing the density of vegetation is the most efficient way to reduce evapo- 
transpiration losses. 
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Increases in streamflow after cutting forests have been demonstrated in many 
parts of the country. Watershed research during the past 40 years shows that 
water yield from headwater streams can be augmented by intensive forest 
management (table 3C-5). 


Table 3C-5.--Summary of potential increases in water-yield from intensive 
forest management 


Expected annual yield increase Maximum 
Area 1980 2000 2020 possible 


(million acre-feet) 


Northeast------- ar 0.90 1.50 30 
Southeast------- O.25 0.70 1.20 Bea | 
Northwest------- 1.00 3.00 5.00 8.0 
Rocky Mountains- 0.50 0.80 1.10 2.4 
Southwest------- (1/) (1/) (1/) (1/) 


1/ Depends on programs to convert chaparral to shallow-rooted species. 


Reducing Crop Requirements.--Quantities of soil moisture needed for plant 
growth and volumes of water diverted for irrigation can be reduced by con- 
verting irrigated land to dryland and limiting planted acreage according to 
available supplies. Farmers can also plant crops that use less water, grow 
drought-resistant varieties, stress plant growth, and adopt such practices as 
lower plant population, different row spacings, and modified fertilizer 
applications. 


fe) Limiting Nonessential Cropping in Water-Short Areas.--In planning land 
use, it is necessary to determine the permissible levels of plant or animal 
populations and the necessary amount of soil moisture in light of any pre- 
cipitation deficiencies. Land use planning may affect cropland and pasture- 
land management by directing the development of various levels of commodity 
production (agricultural patterns), by stimulating the retirement of marginal 
lands, and by encouraging flexibility and adjustments in cultivation 
practices. 


Humans depend on about 15 plant species for most of their food. None of 
these species can survive in arid regions without irrigation. Long-season 
beans and peanuts are poorly suited to semiarid areas because of their high 
water requirement. Wheat, short-season corn, barley, oats, grain sorghum, 
peas, millets, and potatoes are more successful because they have shorter 
growing seasons and lower total water needs. Millets can be grown where 
water is inadequate for grain sorghum, and grain sorghum can be raised in 
areas where corn will not grow. 


Shifting crops that use large amounts of water to rainfed areas could change 
agricultural production patterns enough to alleviate some water shortages. 
For example, the 12.6 million acres of irrigated hay and pasture in the 17 
western states consume 21.7 million acre-feet of water per year--an average 
of almost 2 acre-feet of water per acre. This compares to an average of 1.6 
acre-feet of water per acre on all 41 million acres irrigated in these same 
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17 western states. About 1.1 million acres of rice, the largest water-using 
crop, are grown in semiarid regions. 


Serious limitations on the water supplies remaining for development in heavy 
water use areas and society's desire to maintain environmental quality may 
result in policies that curtail certain agricultural activities. Such 
policies could affect the allocation of resources, the production techniques 
employed, and the location of agricultural activities. Production would 
likely be adjusted to favor regions that can more economically cope with 
policy restrictions (table 3C-6). For example, if water for irrigation were 
to be severely curtailed in the West, much of the production would shift to 
the humid agricultural areas of the East. 


Table 3C-6.--Regional production patterns for agriculture 


Irrigated land Irrigation Water Use 
1975 2000 1975 2000 

Water Per- 
Resources Most Water Most Water cent 
Regions likely restraint likely restraint change 

(million acres) (million acre-feet) 
Missouri 9.7 11.5 9.2 14.2 17.6 132 -25 
Arkansas- 

White-Red 4.8 se nl 7.0 Tad 5.8 -18 
Texas-Gulf 4.8 3.4 PHT 9.3 6.1 5.3 -13 
Rio Grande 2.0 1.9 Lead 3.9 326 3.4 -9 
Upper 

Colorado 1.4 1.6 0.6 232. Pay | 0.8 -69 
Lower 

Colorado 1.3 Fee say 4.0 See 3 to -1 
Great Basin ey: 1.6 ee aw Ses pag -22 
Columbia- 

N. Pacific ba 2 TY | ae 11.0 12 ifes) -43 
California- 

SoePacitic 5 ad 10.1 9.4 2s 26.3 24.8 -6 
Remainder- 

ofel) 3S: ee | ia 7.9 Ti23 9.0 oS} -41 
U.S. Total 45.3 52.4 43.3 86.4 92.5 1 a -22 


Source: USDA, 1977c. 


The acreage in dryland farming or in pasture would increase in the West. The 
yields would tend to be lower because less water would be available for 
irrigation, causing a reduction in the number of acres irrigated. Because 
lower yielding lands in other regions of the United States would come into 
production rather than the more productive irrigated land, more acres would 
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have to be harvested. Cropping would be more intensive on erodible land. 
The increased use of erodible lands would require more use of conservation 
and minimum tillage practices. Although the national net agricultural 
earnings and employment level would not change significantly, some regional 
changes could be expected. 


) Planting Drought-Tolerant Plant Varieties.--Plant breeding programs have 
developed drought-tolerant cultivars that will grow where climate previously 
precluded agricultural production. For example, the development of high- 
yielding, short-season plants that could grow farther north in Minnesota 
increased the state's soybean production from 2 percent of the Nation's total 
crop in 1944 to 8 percent in 1973. Improved wheat varieties were, in part, 
responsible for the rapid expansion of arable agriculture into the Great 
Plains in the early part of this century. The change in the varieties of 
wheat grown in Nebraska probably reduced the impact of drought in the 1950's. 


Improved crop varieties help to continue production despite unfavorable 
weather. For example, if corn hybrids are given sufficient nutrients they 
produce root systems that can extract soil moisture to the wilting point to a 
depth of nearly 5 feet. In Iowa in 1975, this ability counteracted the 
effects of a severe drought and helped maintain an average corn yield for the 
state of 90 bushels per acre. 


The development of hybrid corn varieties has resulted in soaring yields, 
especially since the early 1950's. The development of high-yield dwarf 
varieties was heralded as the "green revolution" of the 1960's. Current 
research seeks to find nutritious high-yield varieties that adapt to varying 
weather conditions. 


Although much research has been conducted on drought-resistant, high yield 
varieties, more is needed. Many of the revolutionary high-yield varieties 
depend on more, not less, water and fertilizer. The use of such varieties 
decreases the stability of the agricultural system and makes it more sus- 
ceptible to major climatic variation. Therefore, combining high yield with 
drought resistance in crop varieties should be an important goal in agri- 
culture. 


Some crops can undergo periods of stress without severe reduction in yield. 
Water application should strive for maximum yield per unit of water, rather 
than for maximum yield per unit of land. Farmers in water-short areas should 
consider selecting crops with deep root systems. Combined evaporation and 
transpiration is less in a thinly seeded crop than in a thickly planted crop. 


fo) Using Decisionmaking Models and Information.--The effectiveness of deci- 
sionmaking models and information on water supplies depends on: 


1. the ability of the information program to reach users and the 
extent of the information coverage, 


23 the willingness and the ability of agricultural and urban managers 
to adapt operations or make changes to save water, and 


i the validity of the information. 
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The farmer relies on current weather assessment, water supply and market 
information, yield response data, and other information to make management 
decisions. It has been estimated that effective management by farmers re- 
sults in up to 50 percent higher yields on major crops. Decisionmaking 
models, using careful systems analyses and possibly simulation techniques, 
could help other producers to reach this level. Technically sound responses 
to soil data inputs are needed in such models. 


Is Decisionmaking models.--The farmer today is faced with the ex- 
tremely difficult problem of choosing the best farming strategy 
from among many alternatives. The choice is complicated by weather, 
water availability, market conditions, farm technologies, and the 
complexities of government policy. The development of normative 
models for decisionmaking to aid agricultural or urban managers may 
help farmers attain optimum levels of water use. Currently, some 
irrigators are already using computer models to help them apply 
water efficiently. 


24 Decisionmaking information.--Farming decisions should be based upon 
the best information available, including data on current and 
potential farm operations, soil, crop responses to soil moisture, 
and water supply availability. The value of water supply forecasts 
depends on their accuracy and the flexibility of the agricultural 
producer to adjust his activities. A farmer can respond to water 
supply forecasts by varying the kinds of crops, the plant popu- 
lations, and the acreage planted. If water supply is a significant 
variable in planning decisions, the plan that maximizes expected 
income is selected. 


There are two distinct ways of managing resources in response to water supply 
forecasts. In the first case, the farmer does not control the water supply 
and alters farm operations to make use of available soil moisture or natural 
stream runoff. Crops may be changed to early maturing varieties or to kinds 
with a shorter growing season to avoid late season drought. The farmer can 
also select drought-tolerant crops that possess good recovery ability fol- 
lowing periods of stress and can seed plant populations and adopt fertilizer 
use to take advantage of expected moisture. Forty pounds of winter wheat 
seed is commonly used on dry areas, whereas 120 pounds could be used on irri- 
gated areas. 


The second way to manage resources involves the use of reservoirs to store 
and control the release of available water. The farmer is not as concerned 
about stress periods, because water may be applied at will. The total amount 
of water available for the season and the market prices determine which crops 
and how many acres should be planted. In dry years, the farmer will either 
concentrate water on a small acreage of crops using large amounts of water, 
or change production to drought-resistant crops. In wet years, he may expand 
the acreage of crops using large amounts of water. 


The producer of such perennial crops as fruit has less flexibility. Only long 
term forecasts will affect acreage or crop decisions. The value of seasonal 
forecasts lies in the ability to plan ahead for alternate water sources to 
sustain orchards and vineyards in spite of drought. A similar problem exists 
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for producers of other crops who invest heavily in crop-specific machinery 
and lack capital for flexibility. 


Water supply forecasts based upon snow surveys help farmers use water more 
effectively on more than 10 million acres in 11 western states and Alaska. 
Snow water content and other hydrometeorological data are measured at about 
1,600 sites. The specific objectives of the survey program are: 


1 to provide advance information on seasonal water supplies for 
streams which derive most of their runoff from snowmelt; 


2a to help farm operators, rural communities, and municipalities to 
apply water supply forecast information; and 


3 to provide hydrometeorologic data for regulation of reservoir 
storage and management of streamflow. 


Water supply forecasts have played a vital part in minimizing the impacts of 
drought on western irrigated agriculture. If there is advance warning of an 
impending critical water supply problem, a farm operator can decrease crop 
acreages, adjust the types of crops, improve the efficiency of irrigation, or 
try to develop temporary sources of supplemental water. During the western 
drought in 1976-77, serious water shortages were forecast as early as 
January, giving farmers ample time to plan ways to minimize the drought's 
effects. 


Irrigation Water Use and Management.--Some irrigation water is consumed by 
crops through evapotranspiration. The water that is not consumed is often 


referred to as "lost" water. Most "lost" water is returned to the system for 
reuse, but some cannot be recovered such as irrecoverable ground water and 
water lost in phreatophyte consumption and evaporation. 


Evaporation from water surfaces ranges from about 15 inches in the north- 
eastern U.S. to over 80 inches in the southwest. Prior to reservoir con- 
struction, evaporation from water surface reservoirs exceeds the amount of 
evapotranspiration from the soil and vegetation in the subhumid, semiarid, 
and arid areas. The net evaporation is "lost" to any water user. It cannot 
be recovered. Irrigation water management and selected measures, and to a 
lesser extent reservoir location and management, can reduce evapotranspi- 
ration and evaporation. 


Irrigation practices and methods vary even within states, because of varying 
water supplies and economic conditions. However, irrigated cropping programs 
are similar in areas with similar climatic conditions. Some of the primary 
considerations in development of irrigation are climate, amount of precipi- 
tation available, and the length of the growing season. 


Climatic conditions determine not only what crops can be grown on dryland, 
but also which crops can be grown with irrigation and the amount of irri- 
gation water required. The average growing season and the average annual 
precipitation for all areas of the United States are available in the 
"Climatic Atlas of the United States." 
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Other factors affecting irrigation development are the soil, topography, 
available quantity and quality of surface and ground water, and competitive 
uses for available water. These factors and others characterize the thirteen 
irrigation areas in the conterminous United States (fig. 3C-12). Table 3C-7 
describes the characteristics of the six areas in the West 


Irrigation systems are designed to supply water for crops so that yields are 
not limited by water shortages. The crop root zone--that depth of soil (com- 
monly 1.5 to 6 feet) in which roots are actively growing--provides a re- 
servoir to store water from irrigation and precipitation until it is used by 
the crop. Water which infiltrates into this reservoir but exceeds its water 
capacity will percolate below reach of the roots and enter the ground water 
system. 


Surface irrigation is used on approximately three-fourths of the Nation's 
irrigated land. The method is so named because the water flows over the 
surface of the irrigated field and infiltrates to fill the root zone. Sur- 
face runoff may be relatively unchanged in quality and readily salvaged for 
reuse. Therefore, systems with runoff do not necessarily represent poor 
irrigation. 


Use of sprinkler irrigation systems is increasing rapidly in most areas of 
the United States. Sprinklers--especially center-pivot, self-propelled 
sprinklers--are attractive to farmers because they require little labor. 
Although most sprinkler systems are operated by pumps, there are a few that 
operate on gravity pressure. 


Application with properly managed sprinklers is efficient if water is applied 
uniformly at rates less than the soil intake rate. This prevents runoff. 
Under many conditions, total water consumption is not significantly greater 
for sprinkler irrigation than for surface methods. Wind drift and evapora- 
tion losses, however, can be about 25 percent of the water applied when there 
is high wind, high temperature, and low humidity. Most sprinkler systems are 
operated at pressures ranging from 30 to 80 pounds per square inch. Pres- 
surizing the water to this level requires energy consumption equivalent to 
lifting the water, by pumping, 70 to 185 feet. 


In the last 10 years, farmers have begun to use drip (trickler) irrigation 
systems on orchards, vineyards, vegetables, and sugar cane. Drip systems use 
small plastic tubing, typically one-half inch in diameter, to transport water 
to the desired point of infiltration. There the water is slowly applied to 
the soil through emitters or perforated tubing. The rate of application is 
usually 1 to 4 gallons per hour per emitter. Drip systems operate at lower 
pressures than sprinklers and can be designed to achieve high uniformity. 
Runoff and deep percolation can be almost entirely eliminated. Evaporation 
is greatly reduced when drip irrigation is applied to widely spaced crops 
such as those in orchards or vineyards, because only a small percentage of 
the soil surface is wetted. The total irrigation requirement for such crops 
can be reduced below that occurring with surface or sprinkler irrigation. If 
drip systems are used on close-growing crops, there is no equivalent reduc- 
tion in consumption use. Drip systems are usually highly automated, making 
light frequent (perhaps daily) irrigations practical. With drip systems, 
however, salt may build up in the soil over a period of time. 
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Taple 3C-7.--Irrigation characteristics in the 17 western states (USDI et 
al., 1979) 
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Relative acreage Relative value Irrigati : irrigation 
Area of major irrigated of major irrigated aetae, ee requirement 
crops grown crops harvested pHaLIOn dawah for alfalfa2 
nts (acre-ft/acre) 
Silage - . Siloge 
NORTHWEST . ov n> Ske cea, NN potatoes \ Intermediate : ; 
vanity iach ISS ae SN Valley’ 120-200 2.3-2.7 
Oregon Siete / Vegetad 
Washington ATA 
Idaho Aiea Sugor Beets —— 
ated el eee 80-120 1:3-1.7 
14%? 12% page) 
noes 200-365 3.0-6.2 
SOUTHWEST wre Valley! Ae 
Rice pone 
California Sugor Beets: aye ees “ 
Arizona he athe SEN Sugor Beets EN 
Southern er Gee, intermediate BW 7'50-200 1.9-4.2 
New Mexico pie LY | Valley 
Southwest eect Vegetobles 
Texas Borla = Non-Citrus Fruit 
Plains (with 
onfarm water 200-365 3.0-6.2 
22%3 33%! supply) 
Intermediate 
Fee Valley! 120-200 2.0-3.7 
INTERMOUNTAIN — ¥reo! ~ AN 
Nevada [ens Je 
Utah oe yi 
Northwest New Mexico ountain 
Meadow 80-120 1.3-1.7 
4%3 1%4 
R KY MOUNTAIN i 
Of Renee 80-120 12-17 
Portions of: 
Colorado 
Wyoming : 
Montana pa ad 100-150 2.0-2.6 
Idaho oe: 
Northern New Mexico 5%3 Toee 
NORTHERN Plains (with 
GREAT PLAINS Seo onfarm water 160-240 1,5-2.0 
None k >ugor Beets — SX supply)! 
ort akota ES 
South Dakota °"" °°" aoe 
Nebraska Intermediate 
Northern Kansas Valley 150-200 1.5-2.0 
Eastern Wyoming 
Eastern Colorado 20%3 21%* 
pOUTHEENA Corn <n Plains (with 
A A Rice~ onfarm water 180-330 1.4-4.7 
wv SX supply)! 
Southern Kansas Ce 
Oklahoma / | 
Texas 
Eastern New Mexica Lower Valley 180-330 1.4-4.7 


24%? 12%$ 


Indicates the major irrigated acreage in the area. 

2A widely grown crop — data indicates relative irrigation water requirements among areas. 
However, production per acre varies also. 

3Total U.S. irrigated acreage. 

4Total value of U.S. irrigated crops. 
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Table 3C-7.--Irrigation characteristics in the 17 western states (USDI et 


al., 1979)--Continued 


Present average 
irrigation efficiencies 





Water source Irrigation methods (percent) Competitive uses Instream flow Water quality 
Off-farm 
Onfarm Conveyance 
About equally Hydropower, Seasonal Seasonal 
divided between recreation, inadequacies temperature 
70% surface sprinkler and instream flows, in streams fluctuations, 
30% ground water surface (border, 25-70 60-95 new irrigation and estuaries dissolved 
furrow, basin, and navigation gases and 
corrugations), sediment 


some trickle 





Recreation and Inadequate 
100% surface Wild flood 25-40 55-70 instream flows streamflows Excellent 
in dry years 
Oe ee ee ee i Rk ee ee a ee 
Surface (border, M&I, recreation, Severely Salinity 
80% surface basin, corru- estuary inflow, depleted increases 
20% ground water gations, furrow), 50-70 70-95 instream flows, streams and downstream 
sprinkler and new irrigation estuary 
some trickle inflows 
Surface (border, M&l, hydropower, Seasonal 
90% surface contour ditch, 45-65 0580 recreation and inadequacies Good 


10% ground water furrow and instream flows 


corrugations) 





Surface (border, 
100% ground water basin, corru- 























(severe overdraft) gations, furrow) 60-70 none Nees new Inadequacies eae ered 
some sprinkler 8 OOO pOOr 
and trickle 
Surface (border, 
contour ditch, Industry, Salinity 

ate) eS furrow, corru- 35-50 70-95 recreation and eat ; increases 

eae cums water gations), some instream flows Da bed ake downstream 
sprinkler 

Localized 
Recreation and pigcate 
100% surface Wild flood 25-50 50-80 sae ee Rae inadequate Excellent 
flows in dry 
years 
Recreation, Localized areas 
. instream flows with inadequate 
100% surface Wild flood 25-50 50-80 end transbor, flows in dry Excellent 
diversion years 
Surface (border, 
contour ditch, Power generation, Salinity 
“aM surface corrugations and 40-55 50-95 recreation and pene: increases 
5% ground water furrow), some instream flows page duacies downstream 
sprinkler 
i 4 About equally 

90% ground water divided between M&lI and new Seasonal Ground water 

10% surface sprinkler and a0eS? se irrigation inadequacies good 

(overdraft) surface (furrow) 
pee ee Industry (power Warm summer 
contou P ! 

90% surface corregationéand 40-55 40-90 generation), Seasonal temperatures 

10% ground water £ ) recreation and inadequacies and sediment 

eee te instream flows problems 
sprinkler 
About equally 
95% ground water divided between 50-70 none M&l and new Seasonal Ground water 
(severe overdraft) sprinkler and irrigation inadequacies good to poor 


furrow and basin 


M&l, estuary Severely 
50% surface purines (furrow, inflow, instream depleted streams Low to high 
50% ground water border and basin); ge oad flows and and estuary salinity 
some sprinkler recreation inflows 
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Irrigation Management Problems.--The four situations described below illus- 
trate irrigation water management problems. 


0) Mountain Meadow Irrigation.--Mountain meadow irrigation is practiced in 
areas of high elevation that experience a very short growing season. Soils 
are often shallow, limiting water-holding capacity of the root zone and 
making land leveling difficult. Irrigation is limited to grass pastures and 
haylands. The water supply is diverted from streams by temporary dikes and 


crude diversion structures. Water is usually applied to fields by wild 
flooding. 
O Intermediate Valley Irrigation.--This type of irrigation is used in 


valleys located between high mountain meadows and the lowlands or plains. 
Intermediate valleys have a moderate growing season which limits crop pro- 
duction and economic capability. Water is usually supplied to these areas 
from natural runoff that is often stored in reservoirs. Water is diverted 
and transported to irrigated lands by gravity diversion structures and con- 
veyance systems. Most conveyance systems consist of open, unlined waterways. 
Conservation measures such as weed control and water measurement are under- 


developed. Farmers generally use surface techniques to apply water to 
fields. The most common surface methods are graded border, contour, graded 
furrow, and corrugation. Most irrigated land is shaped to some extent; 


however, steep grades exist and are often not effectively irrigated. Sprink- 
ler irrigation is increasing in some areas. 


fe) Lower Valley Irrigation from Surface Water Supplies.--These areas are 
intensively cropped because of the longer growing season. Many lands are 
double-cropped. Irrigation is intense and consumptive use of water per 


irrigated acre is high. Available water becomes an important factor in crop 
production. Storage reservoirs are used, and most lower valleys have sophis- 
ticated diversion and conveyance systems. Systems employ such features as 
lined canals, piped distribution systems, and automation. Onfarm systems are 
also sophisticated. The most common methods of irrigation are graded or 
level border and contour levee. Advancements in drip irrigation are being 
made. Farmers use onfarm tailwater recovery systems when water supply is 
limited or piped from ground water. Thus, there may be little surface return 
flow. 


fC) Plains MIrrigation from Onfarm Water Supplies.--Many farms in 
intermediate valleys and lower valleys and plains are irrigated by pumping 
water either from a ground water supply or directly from a stream or an 
onfarm water impoundment. There are usually no off-farm water conveyance 
facilities. The common methods of water application are sprinkler; surface 
methods, such as graded furrow; or borders using siphon tubes, gated pipe, 
and tailwater recovery systems. Irrigation has developed rapidly because of 
advances in technology, such as high-head pumps, sprinkler irrigation sys- 
tems, and aluminum and plastic pipe. 


Irrigation Water Management Efficiency.--Inefficient management of irrigation 
has significant effects (table 3C-8). 


Water is used by phreatophytes and hydrophytes, by evaporation from spills 
and tailwaters, and by deep percolation incidental to the irrigation of a 


crop. These are incidental losses that are not recoverable. Nationally, 


ees ps) 


23 million acre-feet are irrecoverably lost each year to incidental uses 


(fig. 3C-13). Crop consumptive use equals only 41 percent of water di- 
versions; another 46 percent returns to surface or ground waters for reuse, 
leaving only 13 percent irrecoverably lost. Table 3C-9 shows the water 


budget in 17 western states where there is significant irrigation. It gives 
crop consumptive use, off-farm conveyance and onfarm efficiencies, gross 
diversions, incidental losses (uses), and projected future trends (USDI et 


al., 1979). There are different and sometimes conflicting definitions of 
irrigation efficiency. It is frequently assumed that if irrigation effi- 
ciency is low, much irrigation water is being wasted. This sishanee 


necessarily true. Irrigation efficiency definitions used in this report for 
off-farm conveyance efficiency and for onfarm efficiency are: 


Oo Off-farm conveyance efficiency: The volume of water delivered to 
the farm, expressed as a ratio or percentage of the volume of water 
diverted (gross diversion) from a stream or other water supply. 


O Onfarm efficiency: The volume of water stored in the soil root 
zone and used by the crop, expressed as a ratio or percentage of 
the volume of water delivered to the farm. 


The average off-farm conveyance efficiency for the United States was esti- 
mated to be 77 percent and the average onfarm efficiency was 53 percent. 
Figures 3C-14 and 3C-15 show the estimated efficiencies of irrigation in the 
West. 


These current figures on average off-farm conveyance and onfarm irrigation 
efficiencies do not mean that water now diverted for irrigation can be saved 
and made available for other uses. Most of the water seeping from or running 
off the surface of any given irrigation system returns to stream channels or 
ground water reservoirs where it is available for reuse. Only a portion of 
the incidental irrecoverable losses can be "saved". 


The Sevier River in Utah can be used as an example of how much water could be 

saved by increasing irrigation efficiency (USDI et al., 1979). The average 

off-farm conveyance efficiency in the Sevier Basin is 67 percent, and the 

onfarm efficiency is 45 percent. The Sevier River is one of the most com- 

pletely consumed rivers in the United States. Of the total precipitation (6 

million acre-feet), about 1.1 million acre-feet are delivered to the irrigated 
area. Outflows to Sevier Lake and other canals and rivers total only 45,000 

acre-feet (table 3C-10). 


Only 51 percent of the available water supply is consumed beneficially by 
irrigated crops. Another one-fourth is consumed on nonirrigated wet 
meadows--a use that also benefits agriculture. The seeming inconsistency 
between efficiency values and basin utilization is a result of rediversion 
and reuse of "losses" from upstream irrigators. 


Phreatophytes and evaporation from reservoir surfaces consume one-fourth of 
the water supply for irrigation. This consumption does not directly benefit 
agriculture. Since reservoirs provide seasonal distribution of water sup- 
plies and store water for dry years, the reservoir evaporation cannot be 
avoided. Theoretically, agriculture or other uses could benefit if part of 
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Table 3C-8.--Significant effects of inefficient water management by irriga- 
tion situation (USDI et al., 1979) 


Plains 
Inter- (onfarm 
Mountain mediate Lower water 
Beneficial meadow valley « valley supplies) 
Increase in crop 
yields by extending X X 
downstream 
irrigation 


Maintenance 
of wetland Xx Xx x X 
wildlife habitat 


Maintenance of 

streams for non- X 
agricultural 

beneficial use 


Adverse 


Irrecoverable loss 
of water x Xx 


Decrease in crop 
yields X X X X 


Degrading water 
quality X X X 


Periodic localized 
over-depletion X X X X 
of streamflow 


Excessive energy 
use X X 
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Table 3C-9.--Water budgets by characterization areas, 17 western states, 
based on a normal precipitation year--for present situation and two alterna- 
tive situations in year 2000 (USDI et al., 1979) 





ee Irrigated Gross Farm Crop Incidental Net Return Conveyance Onfarm 
acreage diversion delivery requirement use depletion flow efficiency efficiency 
(1,000 acres) (-------------------- million acre-feet -------------------- ) (----- percent - - - -- ) 


Present — (1975 base) with 4.3 million acre-feet shortage in meeting crop requirement 


Northwest 5,513 33.3 20.4 8.1 2.9 11.0 22.3 61 40 

Southwest 11,216 50.2 41.9 25.7 8.0 33.7 16.5 83 61 

Intermountain 2,042 7.5 6.2 27. 0.9 3.6 3.9 83 44 

Rocky Mountain 4,010 u ygee? 10.9 4.4 1.6 6.0 11.7 62 40 

Northern Great Plains 7,941 23.9 18.0 91 2.6 11.7 i ipAy. 75 51 

Southern Great Plains 10,236 27 25.3 15.5 5.1 20.6 6.5 93 61 
Total 40,958 159.7 122.7 65.5! 21.1 86.6 73.1 77 53 
Acre-feet/acre 3.90 3.0 1.60 0.52 2.11 1.78 


Year 2000 — continuation of ongoing program assuming full water supply 


Northwest 5,513 275 18.3 9.1 PANS 11.8 15.7 67 50 

Southwest 11,216 44.1 39.4 25.8 6.4 32.2 11.9 89 65 

Intermountain 2,042 8.5 Teg, 3.4 0.9 4.3 4.2 85 47 

Rocky Mountain 4,010 18.7 12.3 5.4 1.6 7.0 11.7 66 44 

Northern Great Plains 7,941 22.3 17.8 10.4 2.1 12.5 9.8 80 58 

Southern Great Plains 10,236 25.9 24.4 15.7 4.3 20.0 5.9 94 64 
Total 40,9582 147.0 119.4 69.8 18.0 87.8 59.2 81 58 
Acre-feet/acre 3.59 2.92 1.70 44 2.14 1.45 


Year 2000 — installation of program shown in table 15 assuming full water supply 


Northwest 5,513 20.3 18:5 9.1 2.1 11.2 9.1 76 59 

Southwest 11,216 39.2 35.2 25.8 4.8 30.6 8.6 90 73 

Intermountain 2,042 72. 6.3 3.4 0.7 4.1 3.1 88 54 

Rocky Mountain 4,010 14.2 10.6 5.4 1:3 6.7 7.3 75 51 

Northern Great Plains 7,941 17.4 15.5 10.4 1.6 12.0 5.4 89 67 

Southern Great Plains 10,236 22.8 22.0 15.7 3.0 18.7 4.1 96 71 
Total 40,958 121.1 105.1 69.8 13.5 83.3 37.8 87 66 
Acre-feet/acre 2.96 2.57 1.70 0.33 2.03 0.92 





14.3 million acre-feet shortage. 
2Irrigated acres for year 2000 were held constant to better show effects of water conservation measures. See 
Second National Water Assessment report for projections of irrigated acreage. 
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Figure 3C-14.--Off-farm conveyance efficiencies. (USDI et al., 1979) 
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Figure 3C-15.--Onfarm efficiencies. (USDI et al., 1979) 
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Table 3C-10.--Water budget for the Sevier River Basin, Utah 


(1,000 acre-feet) 


Water supply to irrigated area ------------------ 1,148 
ConsumptiVeyus Gnas an ae ao asa ee ee LOS 
Irrigated rotation cropland---- 51ll 
Irrigated meadow--------------- 54 
Nonirrigated meadow------------ 263 
Domés SiGslisgée<2 4-24 e04< <5 <4 9 
Phreatopnytes-->-=s-en4sS55—--— 158 
Evaporation from water surface- 108 
REC UTE EL Oia ae ee 45 





the 158,650 acre-feet (14.4 percent of supply) now used by phreatophytes 
could be saved. Improved irrigation systems and management would reduce 
return flow and phreatophyte use. Such action might, however, be detrimental 
to wildlife habitat and the trees and shrubs that provide esthetic benefits 
in an arid environment. Furthermore, the costs and benefits of improving 
irrigation methods would need to be carefully analyzed to determine if they 
were economically justified. 


Improvement measures are available to treat both off-farm conveyance systems 
and onfarm problems. These measures can reduce inefficiencies that are 
caused by physical and management problems. 


The measures to treat off-farm problems relate to the physical and management 
aspects of conveying water from a point of supply (diversion or reservoir) to 
individual irrigators. Additional labor can contribute to increased effi- 
ciency by providing better service to irrigators. 


Physical measures that can improve efficiency are constructing conveyance and 
distribution linings, installing closed pipe systems, and consolidating or 
realigning systems. Replacing or installing regulation structures, main- 
taining the system, and controlling aquatic or ditchbank weeds are some other 
physical measures. 


re) Linings will reduce seepage from canals and laterals and effec- 
tively improve water distribution and management. Linings are 


impervious materials installed within the perimeter of a waterway. 


fe) Piped conveyance systems effectively improve irrigation operations 
and water use. They completely enclose the system to avoid many of 
the physical losses of water occurring in an open system. They are 
used where such physical barriers as steep escarpments and canyons 
make open systems impractical. Planners today usually consider 
piping conveyance and distribution systems in the early planning 
stages. In mountain valley situations, consideration should be 
given to installing pipelines for gravity sprinkler systems. 
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Consolidation or realignment is possible today because of modern 
construction methods. Better irrigation system features such as 
improved water control structures and lining and piping materials 
make consolidation or realignment practical as effective water 
measures to conserve water. 


Inline structures include structures to measure and regulate water. 
Regulating devices are checks, checkdrops, turnouts, diversion 
structures, check inlets, control inlets, and regulating reser- 
voirs. These structures are used to regulate the flow passing 
through the conveyance system and/or control the elevation of the 
upstream water surface. 


Accurate water measurement is important in operating any water 


conveyance system. Even for irrigation projects with surplus 
water, measuring devices are essential to keep an accurate account 
of what happens to the water. A proper evaluation of losses is 


needed to establish whether canal linings are economically ad- 
visable. 


Automated regulating structures increase the overall efficiency of 
the system and reduce operational waste. While storage reservoirs 
and the outlet works of dams, diversion dams, and canal headworks 
are often self-contained and isolated, they can be the focal point 
for demands on the conveyance system. 


A weed control program that can effectively minimize excessive 
vegetation in and along ditchbanks can be accomplished by me- 
chanical, chemical, or biological means. Any method of control 
will have economic and environmental effects. 


Scheduling water deliveries is an important water management mea- 
sure. Scheduling deliveries can allocate water in accordance with 
actual and projected crop use, rainfall, cultural practices, 
delivery system carrying capacity, and field irrigation charac- 
teristics. 


Onfarm irrigation management determines the rate, amount, and timing of water 
application to ensure efficiency. Onfarm measures are used to counter irri- 
gation inefficiency on the farm. These measures deal with the onfarm de- 
livery system, field application system, and water management problems. Each 
measure has some degree of effectiveness in each irrigation situation. 


fe) 


Lining ditches with concrete, asphalt, or other impervious mate- 
rial, or replacing them with pipelines is an effective method of 
reducing seepage. 


Land leveling is reshaping the surface of a field to planned irri- 
gation grades or slopes and is most important in surface systems. 
Using land grades suitable for the field application system used 
allows better control and more uniform application of water, which 
may result in increased efficiency. 
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fe) Water control structures are those onfarm facilities that control 
and regulate the flow of water from the farm delivery point to the 
field. 


O An automated irrigation system is a farm delivery system equipped 
with gates or valves, controlled by a sequencing timer alone or a 


timer plus soil moisture sensors. The main purposes for using 
automated systems are to reduce labor requirements and improve 
efficiency. 


O Flow measurement devices allow the irrigator to apply the specified 
amount of water at each irrigation. 


O Tailwater recovery systems are used to catch runoff created by 
irrigation and return the water to the original delivery system or 
divert it to another irrigated field. 


) There are three methods for applying water--surface, sprinkler, and 
drip. Switching irrigation methods can often provide better con- 
trol of the water supply. 


Irrigators can often combine off-farm and onfarm measures to achieve the best 
overall water management. An example of this is the gravity pressured 
sprinkler system used in Star Valley, Wyoming. Gravity pipelines were in- 
stalled during 1971-75 at a cost of nearly $300 per acre. The irrigators then 
installed sprinkler irrigation systems. The new system improved conveyance 
efficiency from about 60 percent to nearly 100 percent, and improved farm 
irrigation efficiency from approximately 15 percent to about 65 percent. 
This improvement in overall irrigation delivery and field efficiency reduced 
withdrawal of stream water considerably. Local streamflow now provides a 
full supply of irrigation water 96 percent of the time. A minimum flow of 
6.4 cubic feet per second can now be maintained in Cottonwood Creek below the 
diversion, allowing some water to flow through 4 miles of channel that was 
previously dry part of the year. Reduced erosion and decreased leaching of 
crop nutrients have improved water quality (USDI et al., 1979). 


The kinds and amounts of measures for solving irrigation problems vary con- 
siderably from area to area. In all 17 western states, irrigation water 
management, including scheduling, is an important nonstructural measure. 
Better onfarm management would improve irrigation on 28.4 million acres 
(table 3C-11). Facilitating better management, changing the method of irri- 
gation on 3.5 million acres, and upgrading systems now in use would require 
such costly measures as control structures and ditch lining. Automation is 
needed on 20.6 million acres, tailwater recovery systems on 15.8 million 
acres, and land leveling on 11.6 million acres. Consolidation, realignment, 
and enlargement of conveyance systems, and lining or piping and control 
structures are off-farm measures needed in conjunction with onfarm measures. 


Applying and installing measures that would help solve irrigation problems 
would have definite effects on water conservation, irrigation efficiencies, 
the environment, and the economic and social structure of the West. The 
implementation of measures outlined in table 3C-11 (USDI et al., 1979) could 
significantly change the hydrology in some basins. Changes in instream flow, 
wildlife habitat, and water quality would be expected. Onsite benefits often 
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do not justify extensive water conservation programs. However, offsite 
benefits, water quality improvement, addition to instream flows, and allo- 
cation of salvaged water make the measures in table 3C-11 feasible. In- 
stalling those measures would have the environmental effects summarized in 
table 3C-12 (USDI et al., 1979). Table 3C-13 shows the effects by charac- 
terization areas (USDI et al., 1979). 


Suppressing Evaporation from Reservoirs.--Evaporation exceeds precipitation 
on 7 million acres of reservoir surface in the water-short areas. The aver- 


age annual evaporation in the 17 western states ranges from 24 to 84 inches 
and is several times the annual precipitation in many areas. The net evapor- 
ative loss is 14 million acre-feet per year. 


Various types of floating reflective covers are effective in reducing eva- 
poration from small stock tanks. Locating new reservoirs at high altitudes 
and designing impoundments with deep water would result in cooler stored 
water, thus reducing evaporation from the water surfaces. 


Stored Water Supplies.--Control of water supplies involves surface or ground 
storage. Water can be stored during wet periods and released to augment 
flows during dry periods or periods of large withdrawals (fig. 3C-16). 


In many areas, there is a disparity between the patterns of seasonal water 
supply and water demands. Variations of this condition range from extreme 
flow fluctuations to high peak (e.g., power generation) or seasonal demands 
(e.g., irrigation). The disparities cause periods of water deficits (fig. 
3C-17) in relation to needs for crops. 


Water volumes and potential supplies can be measured at the stream outflow 
points. Of the 99 subregions in the conterminous United States, 68 sub- 
regions have average flows in 1 year out of 5 that are less than 80 percent 
of the mean annual yield. Although the other 31 subregions have flows 
greater than 80 percent of the mean annual yield in 4 years out of 5, they 
have many low monthly flows. These flows could be augmented by releasing 
water from storage. 


Although storage cannot increase total supply, it can increase dependability. 
Dependable supplies are the quantities of water that can be relied upon for a 
specified amount of time. They are the volumes of both the water depleted 
for functional uses and the remaining streamflows, with a stated chance of 
shortage. Depletions are considered already obligated supplies. The 
streamflows are considered available supplies for withdrawal or instream 
uses. 


The upper limit of supply (maximum draft) is the hydrologic mean yield. 
Storage capacity to completely regulate the streamflow (available supply) is 
impractical; 80 percent of mean annual flow is considered a possible prac- 
tical development (practical draft). 


Quantities of water must be available all the time for some uses, such as 
drinking water. A full supply 8 years out of 10 may be sufficient for an 
irrigator; a 20 percent chance of shortage can usually be tolerated by agri- 
culture. In this report, the current available dependable supply is the 
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Table 3C-13.--Impacts by irrigation characterization areas (USDI et al., 


Northwest Area 


Type of Impact 


Onfarm Off-farm Total 


(million acre-feet) 
Water budget 


Reduction in diversions 
Reduction in incidental uses 
Reduction in return flow 
Increase in crop use 


Improvement in efficiencies 
(percent) 





Environment 


— Increased flow below mountain meadow 
areas in spring and summer, but reduced 
instream flow later in season. 


— Reduction in diverted water would increase 
spawning areas and leave more water 
instream for fisheries through and below 


intermediate valleys. 


— Decrease in the loss of anadromous fish fry 
from “wild flooding” of meadows. 


— The effect on estuaries would be positive due 
to more freshwater inflow. 


— Less total nutrient load and sediment in 
return flows would improve water quality. 


— Some loss in wildlife habitat in intermediate 
valley irrigated areas. 


— Improved aesthetic value at Shoshone Falls 
on the Snake River. 


Economic/Social 
— Cost of program — $2.0 billion. 


Onsite 


— Increase in net value of farm output is 
estimated to be $80 million annually. 
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1979) 


Decreased O&M of irrigation systems. 


Estimated overall reduction in energy 
requirement of about $18 million. 


Improved water supply in water-short areas. 
Offsite 


Employment benefits resulting from program 
construction of about $10 million annually. 


Increased power production with greater 
streamflow. 


Improvement in navigation. 


Improvement in the commercial and sport 
fisheries for Pacific salmon. 


Employment resulting from program con- 
struction of 29,000 person-years. 


The increased agricultural income would 
generate an additional $90 million increase in 
regional income. 


Other 


Increased storage needed in some areas, but 
less demand on some existing storage. 


Reduced ground-water recharge. 


Effect on some water rights. 


Table 3C-13.--Impacts by irrigation characterization areas (USD -etral.. 
1979) --Continued 


Southwest Area 


Type of Impact Onfarm Off-farm Total 


(million acre-feet) 
Water budget 


Reduction in diversions 
Reduction in incidental uses 
Reduction in return flow 
Increase in crop use 


Improvement in efficiencies 
(percent) 





Environment 


— Reduced diversions would improve fresh- 
water inflow to estuaries. 


— General wildlife habitat reduction in irrigated 
areas. 


— Improved aesthetic value of water resources. 


— Improvement in water quality affected by 
nutrients and salts. 


— Increased instream flows would benefit 
anadromous and other fish. 


— Reduced salinity loading in the Colorado 
River. 


Economic/Social 


— Cost of program — $6.1 billion, one-time 
installation cost. 


Onsite 


— Estimated savings in energy use at about 
$40 million annually. 


— Increase in net value of farm output is 
estimated to be $200 million annually. 


'A more recent study in California (Water Conservation in 
California, May 1976, Bulletin No. 198) indicates that the 
sum of potential basin-wide water savings, excluding the 
Tulare Basin, is 1.17 million acre-feet per year, much of 
which is reused in the Sacramento-San Joaquin River Delta. 
Thus, only a minor portion would be available for other 
uses. The amount available could be as low as 540,000 acre- 
feet per year. 


— Improved water supply in water-short areas. 
— Decreased O&M of irrigation systems. 
Offsite 


— A measure of the economic value of saved 
water of about $180 million annually. 


— Salinity benefits at about $100 million 
annually. 


— Reduced subsidence caused by pumping if 
conservation results in less ground-water 
overdraft. 


— Employment benefit as result of the con- 
struction program of about $30 million 
annually. 


— Reduced saltwater intrusion. 


— Extended life of ground-water aquifer valued 
at about $15 million annually. 


— Increase regional income of about $220 
million generated from increased agricultural 
income. 


— Employment resulting from program con- 
struction of about 90,000 person-years. 


— Improvement of commercial and sport fish- 
eries in the San Francisco Bay and of the 
coast. 


Other 


— Make possible better balance between surface 
and ground-water use. 


— Possible impact on some downstream water 
users: (a) adverse change in flow patterns 
where storage is not available; (b) improved 
water quality. 


— Decreased ground-water recharge in some 
areas. 
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Table 3C-13.--Impacts by irrigation characterization areas (USDI et al., 
1979)--Continued 


Intermountain Area 


Type of Impact Onfarm Off-farm Total 


(million acre-feet) 
Water budget 


Reduction in diversions -0.1 
Reduction in incidental uses 0.1 
Reduction in return flow 0.5 
Increase in crop use 0.7 


Improvement in efficiencies 
(percent) 





Environment 


— Increase in early season instream flow below 
mountain meadows, but decrease in late 
season flows — less return flow entering 
terminal lake areas. 


— Reduction in wildlife habitat associated with 
over-irrigation or seepage areas. 


— Improvement of water quality — less leach- 
ing of salts and nutrients and less sediment 
from irrigated areas in intermediate valleys. 


Economic/Social 


— Cost of program — $590 million, one-time 
installation cost. 


Onsite 

— Decreased O&M of irrigation systems. 

— Increase in quantity and quality of produc- 
tion, improving net farm income about 
$20 million annually. 

— Decrease in energy for ground-water pump- 
ing — increase in energy due to system 
change to sprinklers. 

Offsite 


— Employment benefits resulting from program 
construction of about $3 million annually. 


— Estimated salinity benefits of about $40 mil- 
lion annually. 


— Employment resulting from construction 
program — 9,000 person-years. 


— The increased agricultural income would 
generate an additional $20 million increase in 
regional income. 


Other 


— Extended ground-water supply (due to 
reduction in incidental use). 


— Requires additional water storage. 


— Possible impact on some downstream water 
users: (a) adverse change in flow patterns 
where storage is not available; (b) improved 
water quality. 
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Table 3C-13.--Impacts by irrigation characterization areas (USDI et al., 
1979)--Continued 


Rocky Mountain 


Type of Impact Onfarm Off-farm Total 


(million acre-feet) 
Water budget 


Reduction in diversions 
Reduction in incidental uses 
Reduction in return flow 
Increase in crop use 


Improvement in efficiencies 
(percent) 





Environment 

— Increased streamflow in early season, but 
reduced streamflow in late season from 
mountain meadow. 

— Adverse impact on wildlife habitat in inter- 
mediate valley irrigated areas and mountain 
meadows. 

— Slight increase in water quality. 


Economic/Social 


— Cost of program — $1.9 billion, one-time 
installation cost. 


Onsite 

— Decreased O&M of irrigation systems. 

— Improvement in economic base as crop pro- 
duction increases and is stabilized through 
firmed-up water supplies, valued at about 


$25 million annually. 


— Savings in energy use of about $1 million 
annually. 


— Improved water supply in water-short areas. 
Offsite 

— Increased chance of downstream spring 
flooding as less water is diverted in mountain 


meadow areas. 


— Employment benefits from program con- 
struction of about $6 million annually. 


— Some additional storage required. 


— Salinity benefits will occur, but were not 
evaluated. 


— Employment resulting from program con- 
struction of 28,000 person-years. 


— Increase in agricultural income would gen- 
erate $30 million of additional regional 
income. 


Other 


— Possible impact on some downstream water 
users: (a) adverse change in flow patterns 
where storage is not available; (b) improved 
water quality. 
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Table 3C-13.--Impacts by irrigation characterization areas (USDI et al., 
1979)--Continued 


Northern Great Plains 


Type of Impact Onfarm Off-farm Total 


(million acre-feet) 
Water budget 


Reduction in diversions 
Reduction in incidental uses 
Reduction in return flow 
Increase in crop use 


Improvement in efficiencies 
(percent) 





Environment Offsite 
— Improved instream flow conditions between — Extend life of ground-water aquifers in 
point of diversion and point of return flow. general, but reduce ground-water recharge in 
some areas; is valued at about $8 million 
— Assist in protection of vital habitat of the annually. 
sandhill crane and the endangered whooping 
crane populations along the Platte River. — Estimated employment benefits resulting 
from program construction of about $4 mil- 
— Reduced fluctuation in instream flows. lion annually. 
— An opportunity exists for “saved” water in — Employment resulting from construction 
storage to be available for other uses such as program of 29,000 person-years. 
instream flow, power, recreation, agriculture, 
and M&l. — Increase in agricultural income would gen- 
erate an additional $90 million increase in 
— Reduced wildlife habitat in some irrigated regional income. 
areas. 
— General improvement in water quality, Other 


including sediment, salinity, and pesticides. 
— Reduction in sprinkler evaporation losses. 


Economic/Social — Possible impact on some downstream water 
users: (a) adverse change in flow patterns 
— Cost of program — $2.0 billion, one-time where storage is not available; (b) improved 
installation cost. water quality. 
Onsite 


— Increase in net value of farm output of about 
$130 million annually. 


— Estimated saving in energy use of about 
$25 million annually. 


— Decreased O&M of irrigation systems. 


— Improved water supply in water-short areas. 
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Table 3C-13.--Impacts by irrigation characterization areas 


1979)--Continued 


Southern Great Plains 


Type of Impact Onfarm Off-farm Total 


(million acre-feet) 
Water budget 


Reduction in diversions 
Reduction in incidental uses 
Reduction in return flow 
Increase in crop use 


Improvement in efficiencies 
(percent) 





Environment 


— Improved instream flow conditions between 
point of diversion and point of return flow. 


— Improved freshwater inflows to estuaries 
along Texas coast. 


— An opportunity exists for “saved” water in 
storage to be available for other uses such as 
instream flow, power, recreation, agriculture, 


and M&l. 


— Some wildlife habitat reduction in irrigated 
areas. 


— General improvement in water quality with 
reduction in return flows. 


— Potential for wildlife management at some 
playa lakes. 


Economic/Social 


— Cost of program — $2.0 billion, one-time 
installation cost. 


Onsite 


— Increase in net value of farm output of about 
$90 million annually. 


— Reduced pumping cost and energy require- 
ments of about $25 million annually. 


— Decreased O&M of irrigation systems. 


— Improved water supply in water-short areas. 
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Offsite 


Estimated employment benefits resulting 
from program construction of about $5 mil- 
lion annually. 


Extend life of ground-water aquifers, a value 
of about $30 million annually. 


A measure of the economic value of “saved” 
water valued at about $135 million annually 
(for agricultural use). 


Additional increase in regional income of 
$100 million annually generated by addi- 
tional agricultural income. 


Employment resulting from construction 
program of 30,000 person-years. 


Gains from increased freshwater inflows to 
Galveston Bay and other estuaries could 
offset the other economic losses presently 
realized by the shrimp industry. 


Other 


Reduced losses to non-recoverable ground- 
water aquifers. 


Some reduction in evaporation loss from 
sprinklers. 


Some reduction in storage needs. 


Possible impact on some downstream water 
users: (a) adverse change in flow patterns 
where storage is not available; (b) improved 
water quality. 


(USDiwetval.. 


Part A shows a hypothetical 
uncontrolled streamflow. 


Part B shows the water from ground 
or surface storage released to 
augment low flows. 


Part C shows the controlled flows 
that would result in the same stream 
with the storage and releases in 

part B. The releases increase the 
dependable supply available for 
offstream or instream uses. 


Uncontrolled streamflow 


Controlled volumes o 


Controlled streamflow 





1955 ——— 20-year period 0/75) 








Storage 


of water 


Release 


1955 a 20-year period — 7 


- : ; : — Mean 


_E : _ 80% 
Mean 


& & S 


195  —=_—— 20-year period — = 1975 


Figure 3C-16.--Hypothetical diagrams of the storage/release concept. 
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Water 
deficit 
period 





Proportional supply-demand 


Growing season 


Figure 3C-17.--Seasonal water supply compared to crop needs. 
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present streamflow with a 20 percent chance of shortage. The potential 
available dependable supply is 80 percent of the mean annual flow with a 
20 percent chance of shortage. 


Determining the amount of storage required to obtain the potential available 
dependable supply requires an analysis of the flow regime. Plots of mass 
yield storage and storage release for various watersheds serve as the basis 
for the storage-yield relationships shown in table 3C-14. The storage re- 
quired for a dependable supply depends on variations in runoff and streamflow 
(fig. 3C-18); the larger the variation, the larger the required storage. 


A practical draft rate with 20 percent chance of shortage was selected to 
determine storage-yield relationships. For example, the mean annual yield 
from the Upper White Subregion (ASR 1101) is 15.9 bgd (17.8 million acre- 
feet per year). Variation in runoff in Missouri and Arkansas is medium. 
Sixty percent of the mean--10.7 million acre-feet storage--is required to 
meet the potential available dependable supply (an average 12.7 bgd for 4 
years out of 5). The current streamflow is 10.5 bgd. In ASR 1101, releases 
from 10.7 million acre-feet of storage could augment low streamflows to 
increase the annual available dependable supply from 10.5 bgd to 12.7 bed. 


Table 3C-14.--Storage for practical draft (.8 mean annual yield) 


Variation Percentage chance of shortage 
in runoff 20 5 
(percentage of mean annual yield) 

Very low 20 

Low 40 85 

Medium 60 110 

High 80 150 

Very high 100 


An estimated 833 million acre-feet of storage is required to realize the 
potential available dependable supply in the conterminous United States. If 
flows were to be controlled in only the 68 subregions needing year to year 
carryover, about 416 million acre-feet of storage would be required (table 
3C-15). Only quantities of water yield and of draft rates were considered in 
determining required storage. Physical and economic feasibility were not 
used in the analysis to determine required storage. 


If all the required storage were in surface reservoirs, 27 million acres of 


normal surface pool would be created in the conterminous United States. 
Evaporation would occur on these new water surfaces. Net evaporative losses 
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range from zero in humid areas to 5 feet in some arid areas. The decrease in 
flows that might be expected from net evaporative losses is indicated as 
negative potential streamflow with storage in table 3C-15. 


The initial cost of the additional storage in the 68 subregions is estimated 
at $198 billion (in 1975 dollars). Costs for the required storage are based 
upon initial installation (first-time) costs of floodwater retarding struc- 
tures constructed as part of the watershed program (fig. 3C-19). If ground 
water recharge and storage were to prove less expensive than surface storage 
or if economies of scale could be realized, the required storage costs would 
be lower than those shown in table 3C-15. 


) Surface storage.--Surface storage is an effective means of capturing and 
holding runoff water until it is needed for use during dry periods. Surface 
storage reservoirs are used to retain excess water that would otherwise be 
lost to the ocean during periods of above-normal runoff. In some arid and 
semiarid regions, reservoir storage capacity is such that little or no loss 
of floodwater occurs and irrigation can depend totally on runoff. 


Total storage capacity of all surface reservoirs in the Nation is about 
224.6 trillion gallons (700 million acre-feet). Of this total about 35 
percent is used for flood control purposes and the remainder for water sup- 
ply, hydropower, recreation, fire protection, and scenic purposes. 


Surface storage areas are integral parts of distribution systems. They 
generally operate with gravity flow, and there are no energy costs for 
pumping. They require a minimum of operation and maintenance. They may 


provide for a number of incidental uses. 


Surface storage has its greatest potential in the East, where the runoff 
tends to vary less and extremes are localized, and in areas where the average 
precipitation is adequate to meet requirements but deficiencies occur during 
dry periods. Within these regions, each reservoir site needs to be evaluated 
individually. 


Locating storage reservoirs in upstream areas has a number of advantages. 
Some of these are: 


o) Landrights usually cost less. 

oO Water for beneficial uses is stored closer to the location of 
demand. 

fo) The environment is enhanced by the distribution of water surfaces 


impounded behind upstream dams. 
O Less water evaporates from high altitude headwaters. 


Oo. There is less disruption of transportation facilities, fish runs, 
utilities, and community life. 


The development of additional sites for storage of surface water is expected 
to become less important because many convenient locations have already been 


ie a Bs 


“SIETTOP G/61T UF (AqTOedeD o8e 
-103S JO }OoJ-s10e ted 4s00) seinjonijs BUTpiejJe1 JeeMpooTF JO SISoOD UoTIeTTeISUT TeTITUI--"6T-0E 2AnN3T A 





ooe $ 





}00}-a10e 1ad 
jsoo aBelaAy 
—abe10}s 





52180 


developed; reservoirs have already been constructed in physically desirable 
sites; the cost of surface storage is becoming increasingly prohibitive; the 
evaporation losses from reservoirs in the subhumid, semiarid, and arid 
regions are large (15 bgd); and large capacity is required to increase the 
dependable supply. The physical and practical limits of potential surface 
storage development are not addressed in detail in this report. 


0) Ground water storage.--From 1900 to 1975, withdrawals of saline and 
fresh water increased at an average annual rate of 3 percent. During the 
last 25 years of this period, fresh surface water withdrawal increased at an 
annual rate of 2 percent, whereas fresh ground water withdrawal increased at 
a rate 3.8 percent--a significant increase in dependency on ground water for 
fresh water supplies. 


Ground water is an effective water source for dealing with drought because 
there is little or no evaporative loss and weather fluctuations generally 
have little effect on ground water supplies. During years with subnormal 
precipitation, ground water provides much of the flow in many smaller streams 
in months of low flows. This is important to the continuity of streamflow. 


Ground water in the United States is withdrawn at an average rate of 82 bed. 
In 1975, ground water constituted over 40 percent of the total fresh water 
withdrawals, principally for irrigated agriculture (57 bgd). 


A large number of aquifers, or reservoirs of ground water, are located within 
2,500 feet of the Earth's surface. They are extensive and thick in some 
places, deep and thin in others. The runoff and seepage from rain and snow 
is enough to replenish some aquifers. For other aquifers, more ground water 
is withdrawn than can be replenished by runoff and seepage from rain and 
snow. 


Recharge beyond what would naturally occur is practiced in some areas to take 


advantage of the ground water storage. Some water resource organizations 
inject water directly into the ground water aquifers. Others skim floodwaters 
into special recharge areas. Some deliver excess water to farmlands over- 


lying gravelly ground water aquifers in upper reaches of river valleys. 
Others spread large quantities of water, far in excess of crop needs, on 
highly permeable soils that serve as principle recharge sites. 


Most ground water recharge occurs on privately owned rural lands. Identi- 
fication of areas underlain with significant aquifers, measures to improve 
percolation, delineation of recharge areas, and management of the ground 
water resource can lead to additional use of ground water storage. 


Effects of Storage on Water Supplies.--In an average year, water supplies may 
be sufficient, but in a dry year supplies may be short. In 68 of the 99 


subregions in the conterminous United States, releases from storage can 
significantly improve the dependable annual supply. The extent of im- 
provement can be measured by comparing the ability of the current supply to 
meet demands with the ability of the potential supply (augmented with release 
from storage). Water budgets of several subregions illustrate storage po- 
tentials (table 3C-16). 
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In Southern Florida (ASR 305) during an average year, 9.44 bgd replenish 


ground and surface supplies. Another 0.07 bgd in excess of recharge is 
pumped. Of water withdrawn from these supply sources, 2.20 bgd is con- 
sumptively used (depleted). That leaves a 7.31 bgd streamflow (available 
supply). Instream flow requirements of 6.59 bgd and increased depletions 


from 1975 to 2000 of 0.92 bgd are demands placed on the available supply. 
Thus, in an average year, a 0.20 bgd deficit exists. The water supply in an 


average year is capable of meeting 97 percent of instream flow and increased 
depletion requirements. 


In the Southern Florida aggregated subregion (ASR 305) during a dry year (2 
years out of 10), there is less water supply replenished and larger deple- 
tions; the streamflow (current dependable available supply) is 4.14 bgd. The 
6.59 bgd instream flow requirements are demands placed on the limited amount 
of water--a 2.45 bgd deficit occurs. The current dependable available supply 
can meet 55 percent of instream flow and increased depletion requirements. 
The dependable available supply could be increased from 4.14 bgd to 5.85 bgd 
by releasing water from storage. The dependable available supply could then 
meet 77 percent of instream flow and increased depletion requirements. 


Shortages are more extreme on a monthly basis than on an annual basis because 
of wider fluctuations in both supply and requirements. Consequently, a 
comparison of monthly supplies and requirements reveals the more critical 
water deficiencies. The extent of supply improvement with storage can then 
be more accurately assessed. 


For example, the Yellowstone subregion (ASR 1004) has an average annual 
dependable available supply of 6.08 bgd and can meet 73 percent of instream 
flow and increased depletion requirements. But during a dry September the 
streamflow is only 2.65 bgd; it is then capable of meeting only 39 percent of 
the instream flow and increased depletion requirements. During September, 
1.79 bed released from storage could augment the flow to 4.44 bgd; the capa- 
bility of water supply to meet requirements would then increase to 66 per- 
cent. 


The ability of water supplies to meet requirements by month without and with 
developed potential storage has been tabulated for each of the humid sub- 
regions (table 3C-17). Only 6 of the 46 subregions in the humid area have 
water supplies sufficient to meet 70 percent of the increased depletions (to 
the year 2000) and instream flow requirements in a dry October. With stor- 
age, 41 of the 46 subregions would have available supplies to meet over 70 
percent of October increased depletion and instream flow requirements. In 
the dry area, 30 of the 50 subregions will not have available supplies to 
meet even 30 percent of the increased depletions and instream flow re- 
quirements; with storage, this number could be reduced from 30 to less than 
20 subregions. 


Alternative Objective Levels 
Population growth, industrial development, and changing water use priorities 
are placing new demands on our water resources. The result has been local 


water shortages and increased competition for limited supplies. Water 
resources are often limited or seriously polluted. Ways must be found to 
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Table 3C-17.--Ability of humid subregion water supplies 
to meet requirements without and with storage 





Number of subregions in which various levels (%) of instream flow and 
increased depletion requirements can be met by dependable available supply 





Without storage Potential with storage 
Month 90% 79-90% 30-70% 30% 90% 70-90% 30-70% 30% 
January----------- - 7 By ZI 7 38 1 oi 
February---------- - 19 26 1 6 38 2 RE 
March------------- 3 23 19 1 4 41 1 r= 
April------------- 4 18 23 1 5 40 1 =a 
May--------------- 3 15 27 1 4 41 | er 
June-------------- 1 13 31 1 9 36 1 +7 
July-------------- - 9 55 2 4 41 1 ee 
August------------ - le 33 2 5 35 6 ~s 
September--------- - 9 36 1 8 33 5 ac 
October----------- - 6 40 - 9 32 5 rs 
November---------- ~ 10 35 1 7 34 5 ~m 
December---------- - 6 39 1 12 31 3 =< 


augment the water supply and achieve the greatest use from existing 
resources. 


We can achieve optimal use of our water resources by eliminating wasteful and 
unnecessary water use and by controlling existing water supplies more effec- 
tively. This includes reducing losses and waste, improving efficiency in 
use, modifying demand, and managing watershed runoff and streamflows. 


The first step in setting objective levels is projecting the extent of future 
water supply problems. Figure 3C-20 shows the range in investments in water 
conservation and water supply that will be relevant in the future. Even to 
hold our own in the water supply area will require future investments. A 
portion of today's expenditures for soil and water conservation goes to 
maintaining and replacing existing facilities. Improvements are usually made 
and new technology is applied, and this increases the amount of water 
available. But to meet the greater needs of the future will require con- 
tinued attention to maintaining existing facilities and to supplying 
additional amounts of water through conservation or supply development. 


The following are the objective levels selected for analysis under RCA. 
Level 1.--The goal would be a water conservation program for irrigated 


agriculture in water-short areas that is realistically achievable by 2010 
using existing technology. Beyond that time, the water saved under this 
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program will be assumed to be one-half of that saved from 1975 to 2010. 
Savings would be achieved through new technology and greater acceptance of 
water conservation measures by irrigators. These savings are based on the 
assumption that water gained through increased storage will be available to 
meet all water demands. The demands of agricultural and nonagricultural 
users would receive equal priority. Shortages would be shared propor- 
tionately. The RCA analysis of this program will show effects on existing 
instream flow approximations. 


Level 2.--The goal at this level would include the water conservation program 
in level 1. It would be modified to reflect the assumption that additional 
water supplies developed through storage or ground water withdrawal in water- 
short areas would be used only for nonagricultural purposes. The RCA ana- 
lysis of this modified program would assume that the consumptive use demand 
for agriculture would have first call on water saved. 


Level 3.--At this objective level, the water conservation program for 2030 
would be applied uniformly. The RCA analysis of this program assumes that 
because of environmental concerns, additional water supply development would 
not be undertaken. Because agriculture can be outbid for available water, it 
is also assumed that all water savings would go first to meet nonagricultural 
consumptive use demands. This objective level is based on the assumption 
that a minimum level of water will be available for agriculture in future 
wears. see figures 3C-21, 3C-22, and 3C-23. 


Recommendations for Future Analysis 


USDA should base future analyses of water supply and conservation on water 
accounting in smaller hydrologic areas, monitoring the effectiveness of 
current programs, collecting data on sample units, performing case studies, 
and new research findings. The physical limitations on storage need to be 
determined. USDA needs to more clearly identify onfarm versus off-farm 
irrigation opportunities and determine which irrigation systems are most cost 
effective. USDA needs to devise a program formulation process to mesh 
activity elements. 
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Section D-Potential Problem Area 4, Fish and Wildlife Habitat 

Completion of the 1980 RCA Appraisal required that terrestrial and aquatic 
wildlife habitat be evaluated and potential problems be identified. Because 
USDA collected no new data on wildlife habitat for the 1980 Appraisal, it 
analyzed available data. However, the data base that it used was not de- 
signed for identifying problems associated with wildlife habitat. Nor is 
there a generally accepted method for inventorying and evaluating fish and 
wildlife habitat. The federal agencies do not have a compatible approach to 
"ee Ue tk bia although efforts are underway to develop one (Hirsh, et 
au, 1979) 


The system that was developed under these conditions provides the measure of 
wildlife habitat quality that it was designed to provide. However, the 
results must be interpreted in light of several caveats. First, the indices 
that this system produces indicate relative differences in wildlife habitat 
value, but do not show the absolute magnitude of the difference. For exam- 
ple, habitat with a diversity rating of 1.0 is "better" habitat for those 
species that require diversity than is habitat with a rating of 0.5, but it 
is not necessarily twice as good. 


Second, only certain habitat elements were considered in the analysis. 
Because wildlife habitat quality may be influenced by factors which were not 
included in the analysis and which would vary in ways unrelated to the 
factors that were included, the results of the evaluation may be inaccurate. 


Last, the diversity and quality factors which were included were intended to 
measure habitat suitability for a wide variety of vertebrate species, both 
game and nongame. The system does not adequately measure suitability of the 
habitat for any one species. 


Problem Statement 


All land has the potential or capability to produce and sustain wildlife. 
The primary land use limits the capability of the land to produce and sustain 
wildlife in a variety of ways, depending on use and management. Cropland 
provided habitat for a wide variety of wildlife species when farm holdings 
were small, crops were diversified, and hedgerows, fence rows, and vegetated 
streambanks were common. In recent years, however, as farms have increased 
in size and farmers have turned to monoculture and mechanization, the quality 
of wildlife habitat on cropland has declined. 


Grazing of forest land also affects the quality of the wildlife habitat. 
Overgrazing reduces the value of the understory vegetation for cover. Live- 
stock compete with wild animals for food, but the competition is least severe 
in well managed woodlands. Any grazing on hardwood forests, western riparian 
areas, and steep or rocky slopes is generally detrimental. 


The quantity and quality of wildlife habitat on rangeland and native pasture 
depend on the primary land management system. Rangeland in poor condition 
provides poor habitat for most species of rangeland wildlife as well as low 
quality grazing for livestock. Livestock can trample or overgraze vegetation 
and compact the soil so that its ability to absorb water is reduced. Com- 
petition among animal species can seriously degrade wildlife habitat. 
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The large scale conversion of any habitat type to pastureland has negative 
effects on nearly all wildlife species. In large tracts of intensively 
managed pasture where one or two forage species are dominant, the value to 
wildlife is extremely small. The overall habitat value of pastureland de- 
pends on its quality and diversity. Overuse of pasture degrades the value of 
pasture as wildlife habitat. 


In this survey, the land use categories recorded as pastureland were domestic 
pasture, rotation hay and pasture, hayland, and farmsteads. Native pasture 
was recorded as rangeland. 


Wetlands have been drained and filled to create larger fields for mono- 
culture, destroying large areas of wetland wildlife habitat. During the 
1950's and 1960's, dredging and filling activities destroyed many acres of 
coastal habitat. Between 1954 and 1977, the average annual loss of wetlands 
was more than 500,000 acres. Table 3D-1 shows the acreage of wetlands in 
1954 and in 1977. (Additional information is in the RCA Appraisal, Part I, 
chapter 6.) 


Table 3D-1.--Wetland inventory data 


1954 inventory 1977 inventory 
Wetland types (Shaw and Fredine, 1956) (USDA, 1978) 
1 and 2---------------- 33.7 29.0 (Estimated) 
3'to 20---------------- 48.3 41.5 
Total------------- 82.0 70.5 


Problems related to fish habitat are associated with water quality and 
streamflow in rivers and streams, poor management of fish ponds, and tech- 
nological and administrative problems that limit the conservation, 
development, and use of private lands and waters for aquaculture. 


Scope 


The primary source of data concerning wildlife habitat was the 1977 National 
Resource Inventories (NRI) (USDA, 1978). About 59,000 primary sample units 
(PSU) of about 160 acres each were used for these inventories. Each PSU had 
three primary sample points. USDA recorded the land use, conservation 
practices applied, conservation treatment needed, potential for flooding, 
type of wetland, and other data at each sample point. Conservation practices 
recorded were good woodland grazing management, brush management, tree 
planting, windbreaks, range seeding, grassed waterways, and contour 
stripcropping. Treatment needs recorded were protection from grazing, 
grassland improvement, brush control, and drainage needed. All of these data 
indicated the quality and diversity of the vegetation. 
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USDA used the following assumptions in identifying the scope of this problem: 


1. The land's capability to produce and sustain wildlife is related to 
its potential plant community, the stage of succession of the plant 
community, and the kinds of plant communities on adjacent areas. 


(3.3 The inherent capability of the plant community to provide an ele- 
ment or elements of wildlife habitat is subject to limitations 
resulting from natural causes and human activities. These limi- 
tations can change the species composition and spatial arrangement 
of the plant community. 


3. Various land uses, intensity of use, and management practices and 
technology may greatly alter or diminish the capability of plant 
communities to provide suitable habitat. Conversely, applying a 
set of practices may enhance the capability of land to provide 
habitat by overcoming or lessening the natural or man-caused 
limitations. 


Wildlife Habitat Diversity.--From the land use recorded at each of the three 
sample points, USDA determined the diversity of the wildlife habitat on each 
sample unit (PSU). Diversity ratings were assigned to each PSU on the basis 
of the various combinations of land use at each of the three points. 


For cropland the following diversity ratings were assigned: 
(C = Cropland, P = Pastureland, F = Forest land, R = Rangeland, and 


O = Other land. These codes show land use at each of the three 
sample points in each sampling area) 


CPR = 1.0 CCR = 0.6 CPO = 0.4 
CPF = 1.0 CRR = 0.6 CRO = 0.4 
CRF = 1.0 CCP = 0.6 ccc = 0.4 
CCF = 0.8 CFO = 0.5 CPP = 0.3 
CFF = 0.8 CCO = 0.4 COO = 0.2 

Optimum rating = 1.0 


Figure 3D-1 shows the average diversity ratings for habitat on cropland, by 
aggregated subarea (ASA). The optimum diversity value of 1.0 indicates that 
three different land uses occur on one primary sample unit; the more uniform 
the land use, the lower the rating. Problems with diversity are greater in 
ASA's where monoculture or large solid blocks of cropland, occurs. 


For forest land the following diversity ratings were assigned: 


CPF = 1.0 PFF = 0.9 PPF = 0.5 
CRF = 1.0 CCF = 0.8 CFO = 0.5 
PFR = 1.0 CFF = 0.8 RFO = 0.5 
FFR = 0.9 FFF = 0.7 PFO = 0.4 
FRR = 0.9 FFO = 0.6 FOO = 0.2 


| 
— 
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Optimum rating = 
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Figure 3D-2 shows the average habitat diversity ratings for forest land, by 
ASA. Most forested areas have a diversity rating of more than 0.61. Highest 
values for forest land are in the Midwest. On areas where all sample points 
occur on forest land, the diversity value is 0.7. Diversity values on forest 
land are not a major problem. 


For rangeland and native pasture the following diversity ratings were 
assigned: 


CPR = 1.0 RRR = 0.7 RFO = 0.5 
CRF = 1.0 PRR = 0.7 CRO = 0.4 
PFR = 1.0 CRR = 0.6 PRO = 0.4 
FFR = 0.9 CCR = 0.6 RRO = 0.4 
FRR = 0.9 PPR = 0.5 ROO = 0.2 


Optimum rating 12.0 

Diversity ratings for wildlife habitat on rangeland and native pasture are 
shown by ASA in figure 3D-3. ASA's with low diversity values for rangeland 
habitat are concentrated in the Great Plains, the West, and southern Florida. - 
However, diversity values on rangeland are generally high and do not appear 
to constitute major problems. 


For pastureland the following diversity ratings were assigned: 


CPR = 1.0 CCP = 0.6 PFO = 0.4 
PFR = 1.0 PPF = 0.5 PPO = 0.3 
CPF = 1.0 PPR = 0.5 CPP = 0.3 
PFF = 0.9 CPO = 0.4 PPPs 0.2 
PRR => 0.7 PRO = 0.4 POO = 0.2 

Optimum rating = 1.0 


Wildlife Habitat Quality.--USDA also determined the quality of the habitat at 
each sample point, based on the availability and condition of food and cover 
as indicated by the available data. It assigned weighted values to each of 
the factors identified as important to a particular kind of habitat and then 
determined a standard value by adding the weighted values for all factors and 
practices. Finally, USDA obtained a quality rating by adding the weighted 
values for each factor present and dividing the sum by the standard value. 


The quality ratings for wildlife habitat on cropland were based on the 
following assumptions: 


‘Gs Grain crops provide better habitat than nongrain crops. 

rae Residue left on the soil surface improves the habitat. 

3 Installed practices such as grassed waterways, windbreaks, and 
contour stripcropping improve the quality of the habitat to varying 


degrees. 
4. Wet cropland or cropland needing drainage is better habitat for a 
wide variety of species than is drained cropland. 


? 
Factors that contribute to the quality of habitat on cropland were assigned 
the following weighted values: 
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Grain crop = 4, or nongrain crop = 1 
Grain residue present = 3, or nongrain residue present = 1 
Grassed waterway = 

Windbreak = 2 

Grain strip crop = 3, or nongrain strip crop = 1 
Wetland = 


3 
16 = standard value 


The standard value for determining habitat quality on cropland is 16. The 
quality rating is obtained by adding the weighted value for each factor that 
occurs in the unit and dividing by 16. If all factors or practices were 
present, the quality rating would be 1.0. 


Figure 3D-4 shows the average quality rating for wildlife habitat on crop- 
land, by ASA. Only nine ASA's had average habitat quality ratings of more 
than 0.48. Most ASA's are providing less than half of their potential for 
cropland wildlife habitat. 


The quality ratings for wildlife habitat on forest land were based on the 
following assumptions: 


1. Habitat quality is higher in ungrazed forests than in grazed 
forests. 

Ze Forests where grazing is well managed are better habitat than those 
where grazing is not well managed. 

3. The canopy cover and understory cover, as expressed by the "C" 


factor of the universal soil loss equation (see chapter 7, section 
A), indicate quality. 

4. The uniform stand density of planted forests provides less di- 
versified, hence lower quality, habitat. 

Se Wet or flooded forests are higher quality habitat than forests that 
are not wet. 


Factors that affect the quality of wildlife habitat on forest land were 
assigned the following weighted values: 


Ungrazed = +5, or good grazing management = +3 
"C" value = +4, 3, 2, or 1 (4 = 45-75 percent canopy, 

3 = 76-100 percent canopy, 

2 = 20-44 percent canopy, and 

1 = less than 20 percent canopy.) 
Tree planting =-1 


Wetland or flooding =+2 
11 = standard value 


Figure 3D-5 shows the average quality rating for wildlife habitat on forest 
land, by ASA. The highest quality ratings occur in the Southeast, Northeast, 
Upper Midwest, and Lake States. The lowest ratings occur in ASA's west of 
the Mississippi. 


The quality ratings for wildlife habitat on rangeland and native pasture were 
based on the following assumptions: 
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1, Rangeland needing no treatment is better habitat than rangeland 
needing protection or improvement. 

Bie Rangeland that has flooding problems or that includes wetlands is 
better wildlife habitat than rangeland that does not have flooding 
problems. 

SE Installed practices, including brush management and range seeding, 
improve the quality of the habitat. 


Factors that contribute to habitat quality on rangeland or native pasture 
were assigned the following weighted values: 


No treatment needed 
Brush management applied 
Range seeding applied 
Wetland type 3-20, 
or common flooding = 2 
14 = standard value 


10, or treatment needed = 3 
1 
1 





Figure 3D-6 shows quality ratings for wildlife habitat on rangeland and 
native pasture, by ASA. Average habitat quality on rangeland is generally 
lowest in the West, where overgrazing causes poorer range condition. Highest 
quality ratings for habitat on rangeland and native pasture are in the South 
and Northeast, where pasture condition is better. 


The quality ratings for wildlife habitat on pastureland were based on the 
following assumptions: 


ie Pastureland needing no treatment provides better habitat than 
pastureland needing protection or improvement. 

Pig Pastureland that has flooding problems or that includes wetlands is 
better wildlife habitat than pastureland that does not have 
flooding problems. 


Factors that contribute to habitat quality on pastureland were assigned the 
following weighted values: 


No treatment needed = 10, or treatment needed = 3 
Wetland type 3-20, 
or common flooding occurs = 2 
12 = standard value 


Wetlands.--Table 3D-2 lists the acres of wetland types 3-20 (Shaw and Fre- 
dine, 1956) in each ASA in the 48 conterminous states. Figure 3D-7 shows the 
distribution of wetland types 3-20. Wetland types 1 and 2 were not in- 
ventoried, but the total acreage was estimated. Because these two wetland 
types are subject to seasonal flooding, figure 3D-8, which shows where 
flooding is common, indicates the relative abundance of types 1 and 2. USDA 
estimates that over the past 23 years, wetlands have been lost at an average 
rate of 500,000 acres per year. In recent years, however, the rate has prob- 
ably been reduced to about 300,000 acres per year. 
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Table 3D-2.--Acreage of wetland types 3-20, by ASA 


Wetland Wetland Wetland 
ASA acres ASA acres ASA acres 
er ee ee ee ee 
101 1,119,000 505 36,000 1202 173,000 
102 214,000 506 71,000 1203 44,000 
103 391,000 507 14,000 1204 0 
104 154,000 601 13,000 1205 55,000 
105 215,000 602 53,000 1301 0 
106 73,000 701 2,485,000 1302 0 
201 363,000 702 147337 ,000 1303 0 
202 24,000 703 149 ,000 1304 0 
203 284 ,000 704 139 ,000 1305 191,000 
204 48 ,000 705 29 ,000 1401 50,000 
205 486,000 801 349 ,000 1402 39 ,000 
206 79,000 802 341,000 1403 18 ,000 
301 2,419,000 803 5,054,000 1501 0 
302 1,398,000 901 3,611,000 1502 0 
303 2,676,000 1001 248 ,000 1503 2,000 
304 2,629,000 1002 184 ,000 1601 13072;,000 
305 1,469 ,000 1003 14,000 1602 28,000 
306 1,508,000 1004 48,000 1603 73,000 
307 418,000 1005 383 , 000 1604 64,000 
308 319,000 1006 547,000 1701 72,000 
309 440,000 1007 115,000 1702 79,000 
401 1,835,000 1008 461,000 OS 130,000 
402 1,278,000 1009 9,000 1704 20,000 
403 164,000 1010 101,000 1705 137,000 
404 1,136,000 1011 116,000 1706 102,000 
405 424,000 eo, 0 1707 0 
406 247 ,000 1102 84,000 1801 117,000 
407 141,000 1103 53,000 1802 81,000 
408 637,000 1104 8,000 1803 85,000 
501 44,000 1105 55,000 1804 58,000 
502 33,000 1106 5,000 1805 0 
503 29,000 1107 0 1806 43,000 
504 4,000 1201 234,000 1807 37,000 
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Fish habitat.--The levels of pollutants in the water, the level of stream- 
flow, and the management of farm ponds all have a significant bearing on fish 
habitat. These factors are described in the following paragraphs. 


fe) Water Quality.--The factors of water quality that are most important for 
fish are the levels of nutrients, pesticides, and sediment. For additional 
information, see section B, Water Quality. 


Where water bodies have low nutrient concentrations--southern farm ponds for 
example--nutrient fertilizers are added to stimulate the growth of plankton 
and fish populations. In other parts of the country, where water bodies have 
excessive nutrient concentrations as a result of agricultural runoff, the 
large blooms of algae or growths of aquatic vegetation that occur eventually 
die and deplete the oxygen supply. This kills fish. 


Excessive nutrient concentrations from agriculture generally occur in inten- 
sively farmed areas where commercial fertilizers are applied on large acre- 
ages. Although a variety of commercial fertilizers are used nationally, the 
main fertilizer elements that affect fish populations are nitrogen and 
phosphorus. Nutrients are also contained in runoff and leaching from animal 
wastes in confined units and waste disposed on land. 


It is difficult to measure the total effect of nutrients on water quality and 
fish populations nationally because the interactions between nutrients and 
the aquatic food chain are complex. Because the total effect of nutrients is 
difficult to assess, specific problem areas where fish are harmed by 
nutrients have not been identified. Where nutrients from agricultural land 
have damaged water quality, it is probable that nutrients have damaged fish 
habitat. 


Some commonly used pesticides are highly toxic to fish and other aquatic life 
and can persist in the environment for many years. Some pesticides that do 
not present a threat at low levels persist in the environment for years. 
These compounds accumulate in the aquatic food chain, reaching high levels of 
concentration in the predatory organisms at the top of the chain. This 
process is referred to as biological magnification. It reduces vigor and 
environmental resistance in affected organisms and kills many fish. Fish are 
most likely to be affected by pesticide pollution where pesticide concen- 
trations from nonpoint sources are highest (see fig. 5B-7, RCA Appraisal 
1980, Part I, page 5-31). 


Because it is so common and damages water quality in so many ways, sediment 
is considered the most severe pollutant affecting fish habitat. USDA esti- 
mates that half of the 4,145,685,000 tons of soil lost as a result of sheet 
and rill erosion wash into streams and lakes. About 1.3 billion tons are 
trapped in reservoirs, and 500 million tons are carried to sea. The rest is 
deposited on flood plains or accumulated in streams. 


The addition of large amounts of sediment changes the community of aquatic 
organisms within a water body and reduces the total productivity. Sediment 
covers eggs and spawning areas of fish and other organisms, clogs gills, 
reduces light transmission and photosynthetic activity, carries absorbed 
pesticides and nutrients, and reduces the capability of water bodies. Fine 
sediment is of particular concern because it attracts available pesticides or 
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nutrients and remains in suspension. Figure 5B-6, RCA Appraisal 1980, Part 


I, page 5-31 shows areas where sediment is most likely to damage fish hab- 
Pita. 


Oo Streamflow.--Adequate streamflow satisfies the needs for: (1) instream 
uses, such as hydropower generation, navigation, water conveyance, water 
assimilation, recreation, esthetics, estuarine inflow, and maintenance of 
aquatic and riparian ecosystems, and (2) offstream uses, such as irrigated 
agriculture, municipal water requirements, and industrial water requirements. 
For detailed data on the instream flow approximation, see section C, Water 
Supply and Conservation. 


The Second National Water Assessment (USWRC, 1978a-c) provided the first 
nationwide examination of instream flow conditions and the implications of 
accelerated offstream uses. The requirements for both consumed and noncon- 
sumed water in the 99 ASA's in the conterminous United States were compared 
to supplies. The minimum instream flow requirements for fish and wildlife 
were estimated. The estimates were based on professional judgement and the 
best information available concerning the needs of fish and wildlife for 
instream flow. 


Figure 3D-9 shows the ASA's in which the average annual streamflow does not 
supply the estimated required flow for fish and wildlife. Figure 3D-10 shows 
the ASA's in which the estimated required flow for fish and wildlife is not 
met during the critical month of an average year. 


) Pond management.--USDA inventory data recorded a total of 2,497,983 
farm ponds in the United States. About 70 percent provide fishing or home 
use aquaculture. USDA estimates that the size, location, water quality, or 
water supply limits fish production potential in about 10 percent of the 
ponds that presently do not provide fishing or home aquaculture. Therefore, 
90 percent, or 696,143, of the ponds which presently do not provide fishing, 
have suitable water and could be improved. 


Focus 


For each land use the quality of the habitat for wildlife is most affected by 
a specific practice. Residue management would improve the quality of habitat 
on cropland. Grazing is most damaging to habitat on forest land. Poor 
grazing management is the most severe problem on rangeland and native 
pasture. USDA could achieve the greatest improvement by directing time and 
money to those practices. For fish habitat, the USDA program should be 
directed toward selected water quality and instream flow problems. 


Cropland.--In 14 ASA's less than 10 percent of the cropland had residue 
management in 1977 (fig. 3D-11). In many of the ASA's where residue use is 
low, for example, New England and the Desert Southwest, crops are not the 
dominant land use. Where cropland is a dominant use, however, failure to 
apply residue management is a more serious problem. None of the ASA's in 
the Upper Mississippi region, where much of the Nation's grain is DECaGeG A, 
has residue management on more than 40 percent of the cropland. On ASA's 1805 
and 1806 in Southern California, where irrigated row crops are dominant, less 
than 20 percent of the cropland has residue management. 
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11.--Percentage of cropland without residue management, by ASA. (USDA, 1978) 


Figure 3D- 


If residue management were applied on all cropland, the habitat quality 
ratings could be improved at least 40 percent in 32 ASA's and at least 20 
percent in 73 ASA's (fig. 3D-12). Lower levels of residue management would 
achieve correspondingly lower increases in habitat quality ratings. 


Forest land.--Figure 3D-13 shows the percentage of forest land that is 
grazed. Most of the grazed forests are west of the Mississippi River. In 
eight ASA's almost all of the forest land is grazed. Very few areas in the 
South, Northeast, Upper Midwest, and Great Lakes States are heavily grazed, 
but most forest areas of the West are grazed and, in many instances, need 
protection and improvement. 


Figure 3D-14 shows the potential increase in habitat quality that could occur 
if good grazing management were applied on all forest land. Habitat quality 
could be improved by at least 11 percent in 33 ASA's. 


Rangeland.--ASA's in the Great Plains and West show the greatest potential 
for improvement through treatment (fig. 3D-15). Good management would 
increase the quality rating 50 percent or more in 19 ASA's and 25 percent or 
more in 60 ASA's. 


Wetlands.--Programs designed to reduce the annual rate of loss of wetlands by 
75 percent would save 375,000 acres a year from alteration and destruction. 
Reducing the rate of loss by 50 percent would save 250,000 acres, and by 25 
percent, 125,000 acres. Efforts would be aimed at ASA's with wetlands im- 
portant for nesting and rearing, for example, ASA's 901, 1005, and 1006, and 
to ASA's with important wintering habitat, for example, ASA's 802, 803, and 
1107. Efforts would also be directed at ASA's with small amounts of wetlands 
in major flyways, for example, ASA's 1803, 1804, and 1805. 


Alternative Objective Levels 
Objective level 1 would provide for a program to improve the quality of 
habitat on cropland, forest land, and rangeland; increase diversity on crop- 


land; reduce the annual loss of wetlands; and improve fish habitat. 


ls Wildlife habitat quality would be improved through-- 


a. applying residue management on all cropland, increasing strip- 
cropping, and increasing hedgerow or windbreak planting. 

D: applying good grazing management on all forest land and elim- 
inating grazing on all areas where necessary. 

Cc applying good grazing management on all rangeland. 


2 Wildlife habitat diversity on cropland would be improved by 
installing a variety of land uses, both short and long term, in 
areas that are dominantly cropland. Wetlands would be protected 
for their value in enhancing diversity. 

38 The annual loss of wetlands would be reduced by 75 percent. 

4. Habitat quality for fish would be improved by treating 75 percent 
of the critical water quality problems in the 20 most critical 
ASA's, 50 percent of the critical water quality problems in the 
next 20 most critical ASA's, and 20 percent of the critical water 
quality problems in the remaining ASA's. 

2: Instream flow requirements would be met as estimated. 
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Each year, the quality of 8,000 farm fish ponds that do not meet 
identified management needs would be improved. 

The need for conservation, development, and use of privately owned 
or leased land and water for aquaculture identified in the USDA 
Aquaculture Plan would be met. 


Objective level 2 also would emphasize improving the quality of habitat on 


cropland, 


forest land, and rangeland. It would provide for improvement or 


maintenance of diversity on cropland primarily through the increased use of 


factors 


such as windbreaks and strip crops. The annual rate of loss of 


wetlands would be reduced. Specific goals would be as follows: 


ky 


& DW 


Wildlife habitat quality would be improved through-- 

a applying good residue management where an increase in quality 
of at least 21 percent could be obtained, increasing strip- 
cropping, and increasing windbreak or hedgerow planting. 

b. treating areas of forest land needing good grazing management 
where an increase in quality of at least 11 percent could be 
obtained and eliminating grazing in some areas, mainly 
riparian woodlands or stream corridors. 

GC. applying good grazing management mainly on western rangelands, 
where an increase in quality of more than 25 percent could be 
obtained. 

Fish habitat would be improved by treating 50 percent of the cri- 

tical water quality problems in the 20 most critical ASA's, 25 

percent of the critical water quality problems in the next 20 most 

critical ASA's, and 10 percent of the critical water quality 
problems in the remaining ASA's. 

The annual loss of wetlands would be reduced by 50 percent. 

Fifty percent of the estimated instream flow requirements would be 

met. 

Each year the quality of 4,000 farm fish ponds that do not meet 

identified management needs would be improved. 

The need for conservation, development, and use of privately owned 

or leased land and water for aquaculture identified in the USDA 

Aquaculture Plan would be met. 


Objective Level 3 also would provide for a program to improve the habitat 
quality on cropland, forest land, and rangeland and to reduce wetland loss. 
Specific goals would be as follows: 


ite 


Habitat quality would be improved through-- 
a. applying residue management where an increase in quality of at 
least 41 percent could be obtained, increasing stripcropping, 
and increasing windbreak and hedgerow planting. 


b. treating forest land needing good grazing management where an 
increase in quality of at least 41 percent could be obtained. 
Ck applying good grazing management to rangeland where an in- 


crease in quality of more than 50 percent could be obtained. 
The annual loss of wetlands would be reduced by 25 percent. 
Fish habitat would be improved by treating 25 percent of the 
critical water quality problems in the 20 most critical ASA's and 5 
percent of the critical water quality problems in the remaining 
ASA's. 
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Twenty percent of the instream flow requirements would be met. 
Each year the quality of 2,000 farm fish ponds that do not 
presently meet identified management needs would be improved. 
The need for conservation and development of privately owned or 


leased land and water for aquaculture identified in the USDA Aqua- 
culture Plan would be met. 


te heap tlhe 
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Section E-Potential Problem Area 5, Upstream Flood Damages 


Problem Statement 


The RCA public meetings indicated that flooding is a major resource concern. 
Flooding was mentioned as a concern in 1,262 of the 3,485 worksheets filled 


out for RCA public meetings in 1978. It was ranked as the seventh highest 
resource concern. 


Floods occur whenever the water in a stream, lake, or bay can no longer be 
contained within natural or artificial banks. Thunderstorms, generally in 
summer, pose the greatest threat to small watersheds because intensive rain- 
fall of short duration can cover small areas and cause heavy local damage. 
Excessive runoff from snowmelt or rainfall or from a combination of the two 
on frozen ground is responsible for most spring floods in the northern United 
States. Hurricanes and the accompanying tidal flooding endanger Gulf and 
Atlantic coastal areas. 


There are 175 million acres of flood plains (see glossary) on nonfederal 
rural lands in the United States excluding Alaska (USDA, 1978). This acreage 
is 9 percent of the total surface area of the conterminous United States. Of 
this acreage, 48 million acres are used for cropland, 20 million for native 
pasture and pastureland, 35 million for rangeland, 52 million for forest 
land, and 20 million for other uses, such as urban development and roads 
(USDA, 1978). About 9 percent of the Nation's cropland is on flood plains, 
including 9.5 million acres that are irrigated. 


About 16 percent of the Nation's 346 million acres of prime farmland are on 
flood plains. Twenty-four million acres of prime farmland on flood plains 
have high potential for cropland and 31 million acres have medium potential. 
In 1977, 60 percent of the prime farmland on flood plains was cropped (USDA, 
1978). 


The improper or unwise use of flood plains is a nationwide problem. The 
problem is particularly serious where the flood plain is used for competing 
and incompatible purposes, such as urban growth, energy development, and 
intensive crop production. All of these uses are subject to some damage from 
flooding. The extent of damage depends on the intensity of use, the location 
of the use within the flood plain, and the characteristics of the flooding. 
Some uses aggravate the flood hazard. 


Methodology.--Charles W. Williams, Inc., Policy Research and Assistance, of 
Alexandria, Virginia, assembled data concerning flood damages for analysis in 
this report. Because of time restrictions, the consultant used readily 


available data. 


For Williams' report, the U.S. Department of Agriculture defined "upstream" 
as those main stem and tributary areas with 400 square miles or less of 
drainage. Where completed river basin studies were available, the report 
used upstream and downstream as defined in the river basin study, rather than 
the 400 square mile definition. To avoid overlapping and duplication, USDA 
used the exact points of upstream-downstream divisions that the U.S. Army 
Corps of Engineers uses. 
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USDA used data from existing river basin studies, the Conservation Needs 
Inventory, watershed reports, studies by state agencies, reports of river 
basin commissions, and other sources. It used the 1972 OBERS Series E Pro- 
jections (USWRC, 1974) to obtain income and earning data for use in making 
flood damage projections. It collected no new data. 


Water conservation personnel from USDA tabulated data on current upstream 
damages, upstream flood plain areas, urban areas with flood problems, and 
flood plain reports prepared through fiscal year 1975. They also identified 
areas with severe flooding problems and recorded areas subject to inundation 
by 100-year frequency floods. They recorded the flood plain acreage by land 
uses: urban and built-up land; agricultural cropland, including land in 
field crops, rotation hay and pasture, and improved pasture; and other land, 
including forest, range, parks, refuges, mines, roadways, utilities, and 
farmsteads. 


USDA then listed by aggregated subareas (ASA's) (see glossary) the monetary 
damages, the areas inundated in upstream watersheds, the places with flooding 
problems, and the number of flood plain reports. 


USDA estimated upstream damages by subarea where the data were available and 
by ASA in every case. The 1975 damages, by type, are expressed in 1967 
dollars. USDA then updated dollar damages from existing studies and reports. 
using a two-step process. First, it interpolated damages for 1975 from data 
for the inventory year of the study and for the first projected year of the 
study (usually 1980). Second, it adjusted the dollar damage to price base 
1967 with appropriate indices prepared by the Department of Commerce. The 
index "Prices Received by Farmers" was used to adjust damages to agricultural 
cropland. The index "Implicit Price Deflators for Personal Consumption 
Expenditures, 1929-1970" was used to adjust urban and built-up and other 
damages. 


USDA used secondary data to estimate damages from areas other than those with 
river basin studies. It recorded these damage estimates for current physical 
flood losses and expressed them in 1967 dollars. 


Using river basin reports, knowledge of the area, and visual inspection of 
maps, USDA identified urban areas having flood problems. Urban areas in- 
clude small communities occupying at least 10 acres; larger boroughs, 
villages, and towns of less than 2,500 people; and larger towns and cities. 


Data were available from several sources. The Federal Insurance Administra- 
tion directs flood insurance studies. The U.S. Geological Survey prepares 
flood plain area reports. The Soil Conservation Service makes flood hazard 
studies and develops watershed protection and flood prevention plans. The 
Army Corps of Engineers prepares flood plain information reports. The number 
of these reports to date was recorded for each ASA. 


USDA delineated the areas that have the most severe flooding problems on a 
base map. To identify these areas, it used a list of watersheds where flood 
prevention is feasible, a list of authorized projects where remaining damages 
are high, a list of communities with flood problems, and lists of other areas 
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experiencing floods and threats of floods. No quantitative criteria were 


used; rather, field technicians familiar with the problems estimated their 
severity. 


Finally, USDA projected damages to 1985 and 2000 under three different levels 
of regulation. These levels are: (1) that flood plains will be regulated at 
a constant level, (2) that the present regulation trend will continue, and 
(3) that regulation will be increased to the maximum practicable. The 
figures for personal income, per capita income, and agricultural earnings 
that USDA used to project damages are those shown in the 1972 OBERS Series E 
Projections (USWRC, 1974) and in "Population, Economic Activity and Water Use 
Projections" for the Virgin Islands and Puerto Rico. 


Summary of damages.--Flood damages to cropland and pastureland, urban land, 
and other properties in upstream areas were slightly more than $1 billion in 
1975 (in constant 1967 dollars). Estimated damages for the year 2000 are 
about $1.4 billion (table 3E-1). Damages to cropland and pastureland ac- 
counted for just under $670 million, or 63 percent of the 1975 damages, and 
occurred on about 58,586,000 acres (table 3E-2). Damages to cropland and 
pasture in 2000 are projected to rise to about $680 million. Damages to 
urban property were almost $200 million in 1975 and are projected to be more 
than $360 million in 2000 (table 3E-3). Other upstream damages were about 
$200 million in 1975 and are projected to slightly exceed $370 million in 
2000 (table 3E-4). 


People occupying the flood plain are not the only ones who suffer losses. 
Others are affected by the disruption of the economy during and after the 
flood and by the cost of relief and reconstruction in the area. 


The threat to human life and health posed by floods cannot be adequately de- 
scribed in monetary terms. Floods killed 3,738 people between 1925 and 1970. 
Actuarial estimates show that in 20 years out of 100, fewer than 30 people 
die from floods, but in another 20 years of 100, more than 100 people die. 
Although the number of deaths varies widely from year to year, the general 
trend seems to be downward (USWRC, 1977). 


Flooding disrupts the natural environment in a variety of ways. Fast flowing 
water erodes banks and disrupts channels. The food and cover in streams are 
often severely damaged by physical disturbance and sedimentation. Eggs and 
young fish are suffocated or swept away. Aquatic organisms are trapped away 


from the main stream body when floodwaters recede. Small ground-dwelling 
animals living within the flood plain often drown. The eggs and young of 
ground nesting birds are destroyed. Sedimentation from floods sometimes 


damages downstream fisheries and alters their chemical quality. 


The magnitude of damages for cropland, pasture, urban land, and other lands 
varies significantly in different sections of the country. In 19 ASA's, 
cropland and pasture damages are high (fig. 3E-1 and table 3E-2). In 10 
ASA's, urban damages are high (fig. 3E-2 and table 3E-3). In 11 ASA's flood 
damages on other land are high (fig. 3E-3 and table 3E-4) (Williams, 1979). 
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Table 3E-4.--"Other" upstream flood damages by aggregated subarea (ASA) 
for 1975 with projections for 1985 and 2000 


Aggregated 
subarea 
(ASA) 


Mid-Atlantic---- 


(Modified central case, in 1967 dollars) 


Damage 
(thousands 
of dollars) 


S707 


Regional 
percent- 


1928 


age 


Damage 
(thousands 
of dollars) 


1985 


5,947 
408 
709 

2 425 
944 

1,502 
261 


4,462 
252 
74 
356 
512 
1,185 
2,083 


79,383 
39,921 
15,687 
9,485 
3,578 
2,431 


1,577 
1,815 
3,931 


861 


13 
154 


461 
44 
15 


16,423 
2,263 
2,435 
1,340 
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Regional 
percent- (thousands percent- 


age 


Damage 


of dollars) 


Regional 


age 


2000 


8,512 

605 
1,009 
2,963 
1,304 
2,242 

389 


6,254 
360 
99 
500 
734 
1,670 
2,891 


115,395 
58,218 
22,659 
13,796 

5,119 
aca 
1,363 
2,316 
2,658 
5,935 


1,210 
9 

107 
18 
218 
48 
643 
61 
106 


23,824 
3,347 
3,484 
1,898 
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Table 3E-4.--"Other" upstream flood damages by aggregated subarea (ASA) 
for 1975 with projections for 1985 and 2000--Continued 


(Modified central case, in 1967 dollars) 


Aggregated Damage Regional Damage Regional Damage Regional 
subarea (thousands percent- (thousands percent- (thousands percent- 
(ASA) of dollars) age of dollars) age of dollars) age 
1975 1985 2000 
eee 1,099 = 1,435 ae ea --- 
505---~------- 2,716 ae 3,572 — 5,182 --- 
506---------- 2,662 mS 3,450 SHS 4,935 =—= 
507---------- 1,445 os 1,928 sre 2,861 --- 
Tennessee------ 8,042 4.0 10,689 4.1 Dy403 4.2 
OV ee es 3,670 -~= 4,897 --- 7,234 --- 
602---------- 4,372 --- 5,792 --- 8,539 --- 
Upper 
Mississippi-=-; 17,859 8.9 Japa ew | 8.9 325009 S217 
701---------- 2272 --- 2,923 --- 4,069 --- 
702---------- 3,303 --- 4,281 --- 6,183 --- 
703---------- 5,114 --- 6,530 --- 9,251 --- 
704---------- Slee =-= 6,474 a 9,150 aa 
705---------- rate) mes 2,749 aoe 3,866 ST 
Lower 
Mississippi---- 14,824 7.4 195323 in 2o,0ke 726 
60 ==—— == —— 8,879 255 Die Oi) aS 16,861 alent 
802---------- Se --- 7,594 Se 11,329 TE 
B03 = ae cai = ane Sete B22 he 
Souris-Red- 
Rainy~-------- 2,650 163 3,384 NS 4,937 ig 3 
901---------- 2,650 === 3,384 +05 4,937 ag 
Missouri--—=7>-= 24,186 12.30 31,109 1220 44,190 1128 
1001--------- 52 --- 64 --- 92 --- 
1002--------- 55 --- 69 ie 99 ree 
1003--------- 58 ase 75 rH ae ee 
1004--------- 5,26 --- 667 Ts 956 ae 
1005--------- jelly: --- 1,430 ane 2,067 im 
1006--------- 222) --- 2 , 836 ia 4,098 ae 
1007--------- 1,769 --- 2,225 Ne 3,105 san 
1008--------- 1,425 — 1,806 --= 2,578 — 
ie aa ae 1,899 --- 2,461 oe 3,487 ae 
1010--------- 5,766 === 7,362 --- 10,483 she 
1011--------- 9,278 --- 2,024 = 17,118 mo 
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Table 3E-4.--"Other" upstream flood damages by aggregated subarea (ASA) 
for 1975 with projections for 1985 and 2000--Continued 


(Modified central case, in 1967 dollars) 


Aggregated Damage 
subarea (thousands 
(ASA) of dollars) 
Arkansas-White- 
Red--=---~-----< 13,805 
1101--------- 713 
1102--------- 541 
T103---=---== PIN 
1104--------- 6,139 
LOR = ern = 831 
1106--------- 750 
1107--------- 1,659 
lexas-Gulf——-== 5,458 
1201--------- 550 
1202-------=-- 1,450 
1203==---~=5= 1,956 
1204--------- 823 
1205----=-=-=- 679 
Rio Grande----- OL 
1301--------- 140 
1302--------- 618 
1303 ====—--=—- 224 
1304--------- 439 
1305---=---=--- 190 
Upper Colorado- Soe 
1401--------- 196 
1402--------- 207 
1403--------- 130 
Lower Colorado- 7,366 
1501--------- 223 
1502--------- Vega] 
15059 oe 5 , 826 
Great? Basin-=--a, 1,002 
1601--------- 204 
1602--------- 185 
1603--------- 428 
1604--------- 118 
Pacific 
Northwest----- 52558 
1701--------- 262 


Regional 
percent- 
age 
1975 


6.9 


Damage 
(thousands 
of dollars) 


Regional 


Damage 


Regional 


percent- (thousands percent- 


age 


1985 


17,968 
2,319 

686 
yaa fe ps 
8,015 
1,069 

965 
2,182 


6,981 
723 
1,851 
2,497 
1,043 
867 


2,053 
175 
789 
280 
561 
248 


680 
246 
264 
170 


9,204 

302 
1,631 
1.27 


i267 
349 
234 
534 
150 


7,582 
307 
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of dollars) 


age 


2000 


26 , 306 
3,592 
988 
3,871 
11,713 
1,153 
1,384 
3,225 


9,995 
1,054 
2,584 
3,609 
1,489 
1,259 


2,975 
255 
1,140 
399 
810 
371 


984 
351 
384 
249 


12,664 
444 
2,205 
10,015 


1,780 
498 
340 
736 
206 


10,533 
488 


ee0 





we 


Table 3E-4.--"Other" upstream flood damages by aggregated subarea (ASA) 
for 1975 with projections for 1985 and 2000--Continued 


(Modified central case, in 1967 dollars) 


Aggregated Damage Regional Damage Regional Damage Regional 

subarea (thousands percent- (thousands percent- (thousands percent- 
(ASA) of dollars) age of dollars) age of dollars) age 

1975 1985 2000 

LIPS a a 1,044 =e HE a NB ae 12635 === 
1d lett 1,410 --= 1g/O7 oa Zool oo 
1/04--------- 526 lee 667 i 966 ane 
170 OP ad ollie lad a a2, ag 1G Loe aa 1,694 ge 
iO == 2 =~ 1,544 =e 2, 105 == 2,946 ete 
OY = Sa 145 ——— 181 = She 253 heat 
California---- 14,275 Beye 18,022 7.0 25,487 6.8 
a0 Le — a 4,129 ——— ae My: =e 7,544 salen 
LO Pg Ie ode Fas Qe: cake 3,437 ae 4,888 ss eld 
3 = om ie = 4,130 = 5,154 a tpt hee mise 
Pee ps aint 3 ae 3 Pgh 
S05 ===> =— sag Sais 658 aa 934 aoe 
260-73 45S Be =I 2,931 a 4,028 stat 
FOO) -s--+--r 444 sed 567 5 811 eligtss 
ais ka =~ --——== 54 0.0 67 0.0 92 0.0 
LEME Site 54 a 67 a 92 —— 
pawati--—----—- 9 0.0 11 0.0 15 0.0 
OL im ote enim 0 oe 0 eo 0 oh oe 
BO Se 0 = 0 Asc 0 cee 
2O0G3 Fe =<--—~ 9 ee 11 ated = 15 == 
20D Gr == a= = 0 Jae 0 ae 0 ae 
Caripbean---=- 339 4 447 ee 681 G2 
2101-------- 335 “i 447 xs 681 ait 
2 === = 0 --- 0 <== 0 abe 
United States- 200,460 100.0 258,730 100.0 372,036. 100.0 


Annual growth rate: 1975 to 1985: 2.13 percent. 
1985 to 2000: 2.46 percent. 
1975 to 2000; 52.335 percent. 


Source: USWRC, 1977. 


She sete] 
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The Water Resources Council (1977) expressed the magnitude of the upstream 
and downstream flood problem in terms of-- 


1. average annual flood damages per square mile (fig. 3E-4). 

the average annual flood damages per capita (fig. 3E-5). 
If flood damages were evenly distributed over the entire popu- 
lation, current flood damages in the United States would average 
$10.50 per person per year. If damages were distributed over local 
populations, they would exceed $20 per person in 34 ASA's and $50 
per person in 8. 

2. average annual flood damages relative to earnings (fig. 3E-6). 
Current flood losses equal 0.33 percent of the Nation's earnings. 
They exceed 1 percent of the ASA earnings in 21 ASA's and exceed 2 
percent in 12 ASA's. 

4. damage per acre of cropland the flood plain (fig. 3E-7). 

5. monetary flood losses by ASA (fig. 3E-8). 


Scope 


Upstream flood damages are primarily defined by the annual dollar damage to 
cropland, pasture, urban land, and other property. In ASA's throughout the 
country, significant damage occurs on all categories of property, but the 
levels of losses vary. USDA should direct its program to reduce upstream 
flood damages toward the full range of damages. Limiting the scope of a 
program to one type of damage would preclude an open, balanced look at all 
possible solutions. 


Focus 


The RCA analysis has examined three approaches to the problem of upstream 
flood damages--broad, target, and shotgun. 


Using the broad approach, USDA would attempt to respond to flood damages 
equally throughout the country, regardless of the magnitude of the problem or 
its relationship to other potential problem areas. USDA does not consider 
this approach to be the most efficient. 


Using the target approach, USDA would focus on the most severe problems in 
selected areas. The Department would consider complementary and competitive 
features of programs directed at the other potential problem areas. 


The shotgun approach is a combination of the broad and target approaches. 
USDA would focus on one problem element, such as cropland and pasture flood 
damage, and attempt to solve that problem throughout the country. Using this 
approach, USDA could not effectively respond to the full range of upstream 
flood damages. 


Using data from the flood damages tables (tables 3E-2, 3E-3, and 3E-4), per 
capita income data, and data from the consultant, USDA developed a point 
system to rank ASA's according to the severity of flooding problems. In 
addition to selecting high damage ASA's, USDA gave priority to areas where 
per capita incomes were low and to areas where opportunities existed to 
improve the environment. It also considered multiple purpose needs in the 
target areas. Of the 106 ASA's, 2/7 were ranked high in flood damages, 39 
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medium, and 40 low (see tables 3E-5, 3E-6, and 3E-7). USDA would implement 
few projects in the 40 ASA's ranked low. It would concentrate resources for 
planning and implementing flood-prevention programs where ASA's are ranked 
high or medium, flood problems are most severe, and needs defined in other 
potential problem areas could also be met. 


Alternative Objective Levels 


Economic and environmental considerations make it impossible to eliminate 
flood damages. White and Haas (1977) indicate that "it should be possible to 
reduce annual losses by at least 20 percent if the economically feasible 
works could be built rapidly and cheaply enough," and that "it seems possible 
that as much as 25 to 35 percent of mean annual losses could be reduced over 


a period of 20 years by a combination of measures other than construction of 
protection works." 


In light of these findings, USDA developed objective levels for control of 
upstream flood damages. 


Objective level 1.--USDA would attempt to reduce total upstream flood damages 
by 16 percent through programs designed to reduce damages by 20 percent in 
high damage ASA's, 12 percent in medium damage ASA's, and 5 percent in low 
damage ASA's. 


Objective level 2.--USDA would attempt to reduce total upstream flood damages 
by 9 percent through programs designed to reduce damages by 10 percent in 
high damage ASA's, 9 percent in medium damage ASA's, and 4 percent in low 
damage ASA's. 


Objective level 3.--USDA would attempt to reduce total upstream flood damages 
by 5 percent through programs designed to reduce damages by 7 percent in high 
damage ASA's and 3 percent in medium damage ASA's, and by making no change in 
low damage ASA's. 


Recommendations for Future Analysis 


In the future, USDA should make a complete, integrated numerical analysis of 
all information relating to upstream flood damages. This analysis should 
define the problem, review constraints and opportunities for action, consider 
possible solutions, and display the results. Results of flood hazard 
studies, flood insurance, river basin reports, and watershed plans should be 
put in a data base and analyzed statistically. USDA should also analyze the 
location of wetlands, the per capita income of flood plain landowners in each 
ASA, and the acreage of prime farmlands in flood plains in each ASA. It 
should identify locations where a flood control program would help to meet 
other needs, such as improving water quality or fish and wildlife habitat. 
The Department should also determine the cost and effectiveness of structural 
flood control measures and land treatment and of various approaches to flood 
plain regulation--such as zoning, land acquisition, and education. It should 
consider factors such as local acceptance, dollar benefits, energy require- 
ments, and the potential increase or decrease in erosion. 
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Table 3E-5.--Areas having low flood damages 


ie a i aS ee ae 


Damages to 


Aggregated cropland Dollars Per 
subarea and per Urban Other capita 
(ASA) Acres pasture acre damages damages income 
a a ee ee ee eee 
403------~----=- 25 156 6.24 30 10 7,395 
405------------- 102 408 4.00 162 26 6,072 
1001------------— 160 128 0.80 3 52 5,914 
1002------------- 210 170 0.80 108 oD 5,916 
1003=-+224<-~~-=—- 93 114 To2e 128 58 5,844 
1401 ------------- 146 169 FOALS 137 196 59019 
1402------------- 140 239 1.70 188 207 52103 
1901------------- 4 9 2625 672 54 7,555 
401------------- 54 81 1.50 741 5 55123 
1005------------- 1,004 1,018 cel 107 1137 5,252 
1102------------- 150 433 2.88 847 541 5,618 
1301------------- 47 168 8257 27 140 6,137 
1403------------- 62 223 3.59 211 130 4,544 
1603------------- 25 187 7.48 438 428 6,429 
17 Of ea ee eae 119 816 6.85 19 145 6,103 
2102------------- --- --- 0.00 44 --- --- 
1004------------- 220 605 2475 644 526 5,072 
LOO] St —8 ase =e 436 oye 6735 993 1,769 6,428 
106-~--2-------- 45 390 8.66 274 194 5,381 
203------------- 373 1,589 4.26 3154 279 6,567 
408------------- 85 923 10.85 114 58 6,331 
701------------- 540 33253 6.02 393 2,272 6,488 
L303 © nose sie mor == 30 302 10.06 47 224 53979 
104------------- 18 51. 25339, U2 739 7 O78 
105------------- 36 217 6.02 3,905 1,246 6,797 
202------------- 13 97 NS ah ab) 59 8,125 
305------------- 1,109 5,862 5228 e716 1,948 6,486 
7102------------- 330 1,960 5.93 934 5304 5,200 
803------------- 8,546 i) Ski ate fe 36 449 171 5 wig 
1006-----------=- 721 3,473 4.81 102 pi 208 5,128 
1008------------- 616 5,547 9.00 360 1,425 6,006 
1107------------- 1,545 8,064 5.21 169 1,659 4,611 
1201------------- 236 2,205 9.34 47 550 5,019 
1204------------- 172 ieiod 10.20 286 823 5,439 
1302------------- 377 2,847 7.55 2,645 618 5,114 
1801------------- 36 417 11.58 68 4,129 5,657 
204------------- 101 425 4.20 4,627 392 5,689 
4Q]------------- 32 526 16.43 446 34 6,627 
504------------- 61 213 3F49 eb; 730 1,099 4,616 
901------------- 1,275 7-131 5.59 208 2,650 5,001 
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Table 3E-6.--Areas having medium flood damages 





Damages to 


Aggregated cropland Dollars Per 
subarea and per Urban Other capita 
(ASA) Acres pasture acre damages damages income 
a ne ER i a a a a ee os Oe ee ee ee ee ee 
101-------- iti 146 13.27 651 317 5,093 
308-------- 663 5,838 8.80 550 1,380 4,694 
404-------- 134 1,974 14.73 325 119 5,968 
1009-------- 901 7,239 8.03 692 1,899 6,002 
1105-------- 15172 10,525 8.98 174 831 5,614 
1501-------- 45 178 3.95 2,708 223 3,056 
1502-------- 193 1,073 5.55 ees) 15317 6,376 
1604-------- 2 74 37.00 112 118 7,000 
1701-------- 102 1,445 14.16 130 262 5,445 
2101-------- 86 946 11.00 440 335 1,178 
102-------- 30 300 10.00 Be kat 547 5,858 
205-------- 1,243 11,980 9.63 3,385 928 6,042 
206-------- 206 2,593 12258 4,116 1,656 7,187 
306-------- 412 4,296 10.42 3, 22 739 e645 
307-------- 454 4,680 10.30 2,890 1,208 4,597 
503-------- 408 4,629 11.34 3,028 1,034 5,983 
1602-------- 3 97 32.33 246 185 4,676 
1705-------- 417 4,743 11.37 1,700 927 5855 
103-------- 29 496 tL}. 20 4,931 1,663 6,860 
406-------- 327 52653 17.28 1555 361 6,971 
501-------- 76 633 es 1,945 1,746 5,030 
505-------- 776 75357 9.48 677 2,716 5,195 
705-------- 480 7,294 15.19 288 2,12% 6,327 
1106-------- 1,229 15,910 12.94 121 750 5,468 
1304-------- 106 1,485 14.00 1,470 439 4,861 
1601-------- 11 261 2372 693 251 5,364 
201-------- 34 692 20.35 4,200 193 6,101 
303-------- 527 6,209 11.78 2,785 7,265 4,742 
402-------- 22 886 40.27 248 oH 5,388 
703-------- 1,800 15,230 8.46 1,829 B14 6,173 
802-------- 627 28ee) 52,233 heh 62ioe> 114 4,157 
1202-------- 196 74055 39.05 211 1,450 6,391 
1205-------- 119 4,329 36.37 89 679 5,070 
1704-------- 122 3,598 29.49 178 526 5,260 
1803-------- 313 4,990 15.94 25019 4,130 6,043 
2001-------- 9 268 29.77 530 --- tne 
2002-------- 2 390 195.00 330 --- ett 
2003-------- 6 210 35.00 720 9 --- 
2004-------- 4 545 136.25 170 --- woe 
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Table 3E-7.--Areas having high flood damages 


eer ncn nc TS eee aes 


Damages to 


Aggregated cropland Dollars Per 
subarea and per Urban Other capita 
(ASA) Acres pasture acre damages damages income 
CUM i ee 328 2,984 9.09 11,641 257164 5,456 
90) 309 4,962 167.05 936 35011 4,415 
502----~=-- 185 2.304 12.64 4,753 1,879 5,970 
506==-—~-———= sya 12a 127, PSS 723) 422 2,662 5,873 
OA Uti ok 1,140 oy ook PSST, 132 5,766 5,893 
0S ee 876 11,928 137764 1,102 2,172 6,065 
1205 -— 387 7,082 18.29 1,040 1,956 Ss S2i8 
1305 e 910 5,954 6.54 16,206 5,826 5,824 
1702-----=-- 248 5,742 Zoos 563 1,044 5,844 
NO ee 362 7,995 20.98 1,320 1,410 5,641 
1805-----=-- 109 4,498 41.26 862 527 6,262 
1807-=-=3-== 45 2,005 62.495 785 444 5,660 
S00 oe 122 5,681 46.56 857 1,445 4,676 
602-----=--- 454 iphone 17.42 25 oe 4,372 4,579 
1101-------- 550 7,900 14.36 3,467 1,713 3,604 
130 See 272 9,951 36.58 166 190 3,840 
1706-------- Pa bil 8,394 30.30 1,185 1,544 6,278 
1302-22 a= 138 hye!) 24.44 776 2,/42 5 , 836 
104-===-=<- 1,000 20,425 20.42 1,624 5,033 6,330 
1804-------- in, 658 50.61 2457 Z 7,665 
601-------- 308 7,756 25018 25338 3,670 4,535 
1104-=-=--=- 1,690 215312 12761 4,547 6,139 57037 
302--=------ 2,483 33 ,566 13251 6,27240* 12,104 5,140 
801-=--==-- Shale 49 ,803 15 216 7776 8,879 4,910 
1806---=-=-- 246 15,180 61.70 6,158 2,991 7,044 
1011-------- TO) 43,416 27.74 8,014 9,278 53930 
S01-"==2=—~ 1,981 83,565 42.19 1350229 “305808 4,904 
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Section F-Potential Problem Area 6; Energy Conservation and Production 


Problem Statement 


The current shortage of energy and the likelihood of continued shortages and 
increased prices clearly underscore the need for frugal use of energy on 
farms and ranches. Although farms use only 2.9 percent of the energy consumed 
in the United States, the potential savings on farms are still substantial. 
Tables 3F-1 and 3F-2 show patterns of energy use in American agriculture. 


Energy conservation is inextricably related to soil and water conservation. 
Erosion lowers the productivity of land and impairs the quality of water. As 
soil productivity declines, the energy needed for each unit of production 
increases. A great deal of energy is required to improve the quality of 
water impaired by erosion. Nonfarm developments on prime farmland cause 
farmers to use less productive land, which requires more energy. Biomass 
production will likely occur on marginal lands that are more subject to 
erosion. 


Centuries of good management may be required to restore the productivity of 
severely eroded soils to their original levels. Once some soils are eroded, 
their original productivity can never be restored. Thus, erosion can be 
viewed as an energy tariff on future generations who may be less able to pay 
than we are today. 


The structure and scale of agriculture in the future must be considered. 
Agriculture is a dynamic system that adjusts continuously to circumstances. 
In the future energy costs will be higher. Higher costs will cause ad- 
justments in agriculture and in the end will probably increase prices of food 
and other farm products. To help us adapt to the future, we need to know 
where the effects of higher energy costs and shortages will be most severe, 
where more readily available forms of energy can be substituted, where energy 
can be saved, and what adjustments can be made in response to increasing 
prices and decreasing supplies of energy from present sources. 


USDA has set an energy goal of net self-sufficiency in agriculture by 1990. 
The assumptions used in the analysis are based on very limited information. 
In the early stages of addressing this problem, therefore, it may be 
desirable to initiate trial projects only. Should the goal be modified, the 
annual investments required would be altered accordingly. The USDA goal of 
net self-sufficiency requires further explanation. By energy self- 
sufficiency, the Department means that the total energy used in agricultural 
production on the Nation's farms and ranches will be equivalent to the total 
energy produced in agriculture. The Department also considered the alter- 
native of achieving self-sufficiency on each individual farm but does not 
consider this a practical objective for every farm although for many farms 
it will be possible. 


In determining the level of energy generation and conservation required to 
make agriculture self-sufficient, USDA estimated the potential energy that 
could be generated using grains, crop or plant residue, or other organic 
sources (in excess of domestic or export demand levels) and alternative 
sources, such as the sun, wind, and water. The energy equivalents of 
agricultural commodities produced and processed for food and nonenergy fiber 
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Table 3F-1.--Agricultural energy use by region, as a percentage of total 
Btu's from different types of fuel, 1976 





Fuel 
Diesel Percent= 
fuel age of 
and LP Natural Elec- U.S. 
Region Gasoline fuel oil gas gas Coal tricity total 


(Percentage of total Btu's) 


Northeast-------- 54.0 29.0 TU 0.5 (1/) 9.0 4.4 
Lake States------ 58.0 26.4 SY] (1/) (1/) Sieh tee! ole 
Corn Belt-------- 50.1 29.8 Toe5 C17) (a7) ISD fakes BS ip) 
Northern Plains-- 30.3 DY heed 1075 14.0 Cre pele ania! OF pe 
Appalachian------ Se bea 39k 2245 rz OD dy cae Ge 
Southeast-------- 26.5 sy orgs | 5 Wd 0.6 Ocz 3.8 iene. 
Delta States----- 26.4 on Mls, 1556 32.0 0 Se Ma op 
Southern Plains-- 22.0 20.6 2 43.6 0 4 t A3eS 
Mountain--------- 23.6 2375 Se) Slee (1/) 17-9 9.4 
Pacific--=--=-==- Zove 367.5 209 Ler Cy) SauT 8.6 
United States-- 35.3 Scie 10.9 BACs aie, 8t4 “T0080 
1/ = Insignificant. 
Source: (Van Dyne et al., 1979). 
Table 3F-2.--Amounts of energy used in agriculture, 1978 
Fuel 
Diesel Fuel EP Natural Electri- Total 
Sector Gasoline fuel oil gas gas Coal LLY Btu's 
(Million gallons) (Billion (Thousand (Billion (Quad- 
cu ft) short kwh) rillion) 
tons) 
Agricultural 
eBay hekh MW Fos SEP a megan AN er gaia! (2/) T2OR0 150 gM hale 0.8 
Agricultural 
production: 3/ 
Crops----- DRSS 9 477 eek eee OL T3429 eee a2) ee ee Gs, 
Livestock- 582 347 10 382 4.9 34.6 9.8 22 


1/ Includes farm machinery, livestock feed, fertilizers, and pesticides. 
2/ Insignificant amounts. 

3/ Includes energy used directly for agricultural production. 

Source: (Van Dyne et al., 1979). 
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were excluded. The energy that could be purchased with the money generated 
by exported agricultural commodities was also excluded. 


Scope 


USDA limited the scope of RCA activities dealing with energy to conservation 
of energy used on farms and ranches and to the generation of energy from 
biomass or other resources on farms and ranches. The effects that production 
of biomass for either farm or nonfarm use has on soil and water conservation 
were analyzed. 


Other agriculture-related energy uses not within the scope of RCA analysis 
are off-farm energy uses (that is, energy use not related to soil, water, 
and related resources, for example, in the agricultural industries) and 
energy used by USDA in carrying out its mission. 


Focus 


USDA reviewed a number of data sources to determine current energy uses in 
agriculture and compared the opportunities to save or produce energy to the 
existing patterns of use in order to determine potential energy conservation. 


USDA chose to emphasize minimizing energy use per unit of production because 
total energy use is closely tied to total production. Energy use in agricul- 
ture probably cannot be reduced, on an absolute basis, because production 
will probably increase in the future. Energy can be used more efficiently in 
agricultural production, however. Emphasizing energy use per unit of pro- 
duction will permit USDA to analyze alternatives and identify complementary 
measures. 


USDA decided to consider both energy generation and energy substitution. It 
chose the following areas as appropriately a part of or related to the man- 
agement and conservation of soil, water, and related resources. 


A. Areas affecting energy savings: 
Conservation tillage 

Crop drying techniques 
Fertilizer use 

Soil erosion 

Prime farmland 

Agricultural water management 
Management of pasture and range 
Shelterbelts and windbreaks 
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Areas affecting energy generation and substitution: 
1 Organic wastes as fertilizers 

2% Biomass as an energy source 

3. Alternative energy sources on the farm 

4 Legumes as a source of fertilizer 

5 Methane from manures 


Table 3F-3 shows USDA estimates of maximum possible energy savings and maxi- 
mum possible energy generation and substitution for each of these areas, in 
addition to those practices already being used. The amounts shown in the 


a5293 


table do not represent net energy savings since they do not account for 
energy expended in obtaining the desired level of energy savings or energy 
generation. The technology needed to obtain these results has not been fully 
developed for several of these areas. It is possible that for some areas, 
energy savings or energy generation will not be economical. USDA programs, 
however, will continue to address these areas. 


Substitution of coal for imported fuels will probably be an important part of 
a program for national energy self-sufficiency. Surface mining of coal 
removes land from agricultural production and causes soil and water con- 
servation problems in most affected areas. Effects and needs for conser- 
vation programs are discussed in the RCA Appraisal 1980, Review Draft, Part 
I, chapter 3. 


Table 3F-3.--Estimated maximum possible energy savings and maximum possible 
energy generation and substitution, per year 


Maximum possible 
Area savings or generation 


(Trillion Btu's) 


Energy savings: 


Conservation tillage----------=<---<---<<-<----=- 58 
Crop drying Cechbniques—-—- = eae ee 19 
Fertilizer use@=---=-<=--<6-~6<~6~=--<-<<2 == == 3 ow 
Soil erosion=-----=9- = <= 29-3 ena nan ee een enna 113 
Prime farmland---------------+-2%"-e0""%-------- 78 
Agricultural water management------------------ tS 
Management of pasture and range---------------- 7 
Shelterbelts and windbreaks---=-----=-==----==- 31 
Total potential energy savings-----------<=- 428 
Energy generation and substitution: 
Organic wastes as fertilizer-----------------=- 84 
Biomass as an energy source---9---------------- 10,464 
Legumes as a source of fertilizer-------------- 62 
Methane from manures-------------<--<-=-------- 68 
Total potential energy generation---------- 10,678 
Total energy used on farms and ranches----------- 2,320 
Total energy used in Nation---------------------- 80,000 
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Opportunities for Energy Conservation in Agriculture 


There are potential energy savings in a number of areas in agriculture. The 
discussion of each area describes ways to save energy and estimates how much 
energy could be saved. 


Conservation Tillage.--Conservation tillage retains protective crop residue 
on the soil throughout the year. Conservation tillage methods include no- 
till, strip tillage, stubble mulching, and other types of minimum tillage. 
USDA reports indicate that about 52 million acres are now farmed under con- 
servation tillage. 


USDA has established that applying conservation tillage on 40 percent of the 
cropland in the Nation is a reasonable goal. Research shows that conservation 
tillage can save the equivalent of 2.5 to 3 gallons of diesel fuel for each 
acre tilled (CAST, 1977; SCSA, 1977). Applying conservation tillage on 40 
percent of the 413 million acres of cropland in the Nation would save 413 
million gallons of diesel fuel annually, or about 58 trillion Btu's per year. 


USDA projections indicate that there will be 432 million acres of cropland in 
the United States by 2030. If 40 percent of that land were farmed under 
conservation tillage, 302 million gallons of fuel could be saved annually in 
addition to that saved by existing conservation tillage. Because there may be 
some environmental risks which would be incurred at this level of conser- 
vation tillage, it should not be assumed that this potential will be 
achieved. Additional data on the topic is presented in the analysis for 
Potential Problem Area 1, Food and Fiber Production. 


Crop Drying Techniques.--Crop production technology has not necessarily been 
concerned with energy costs or efficiency. Faced with recent rapid increases 
in energy prices and with threats of shortage, farmers now have an incentive 
to alter production technology to save energy. 


Crop drying requires large amounts of gas or petroleum. The equivalent of 
about 1 billion gallons of liquefied petroleum (LP) gas is used annually to 
dry tobacco, corn, and rice. In some cases the energy expended in drying 
corn exceeds the total energy used in preparing the seedbed, planting, cul- 
tivating, and harvesting. 


Crop drying, since it uses primarily heat and an air movement or ventilation 
technique, can employ alternative energy sources, some of which can be gen- 
erated on the farm. USDA estimates that 20 percent of the energy now used to 
dry crops could be saved. The annual savings would be equivalent to about 
200 million gallons of LP gas, or about 19 trillion Btu's. To achieve this 
goal by 1990, nearly 480,000 drying units would need to be converted. Total 
annual costs of achieving this goal are estimated at nearly $60 million. The 
cost would include investments in research, field trials, information and 
education, grants and loans, and private investments. 


Fertilizer Use.--Because fertilizers have been cheap, some farmers have used 
more fertilizer than necessary. Increased fertilizer prices have reduced such 
waste, but many farmers still use commercial fertilizer in excess of plant 
requirements. 
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A University of Nebraska study (1979) shows that many farmers commonly apply 
fertilizer at rates higher than those recommended by commercial laboratories. 
Fifty million acres of cropland are overfertilized; 3.3 billion pounds of 
fertilizer are used unnecessarily on cropland annually. About 102 trillion 
Btu's are used to produce this extra fertilizer each year. USDA estimates 
that education and information can help farmers save about half of this 
total, or about 51 trillion Btu's per year. Saving this much fertilizer by 
1990 would produce a net saving of $330 million annually, based on a cost 
estimate of 20 cents per pound. 


Soil Erosion.--Most eroded soils yield less than their uneroded equivalents. 
Plows and other tillage equipment are harder to pull through eroded soils 
than through uneroded soils. The differences in yields and energy needed 
for tillage caused by soil erosion are highly variable. Some severely eroded 
soils will yield only half as much as they would if they were not eroded. 
Studies in Iowa indicate that severely eroded soils require from 10 to 80 
percent more energy for tillage than do similar uneroded soils (USDA, 1979c). 


Erosion control eases tillage and improves yields. It also minimizes the 
loss of plant nutrients through soil erosion; such losses average almost $6 
per ton of topsoil lost. 


Estimates of yield reduction caused by soil erosion vary from about 1 to 3 
bushels of corn per acre for each inch of topsoil lost (Van Doren and 
Bartelli, 1956) to 6 bushels per acre (Lyles, 1975), depending on the nature 
of the soil. Assuming a median reduction of 4 bushels per acre and complete 
erosion of a surface layer 12 inches thick, the production loss would be 48 
bushels per acre. If energy requirements increase 50 percent as a result of 
erosion and the original yield was 144 bushels, then energy use per unit of 
production would increase about 2% times. In the soil used in this example, 
the subsoil is distinctly less favorable for plant growth than the surface 
soil. In tests in Iowa on a soil called Marshall silt loam, which has a very 
favorable subsoil for plant growth, the researchers sustained yield levels 
after the surface horizon was removed only by adding 50 pounds more nitrogen 
per acre (Engelstad and Shrader, 1961). 


One ton of topsoil contains about 3 pounds of nitrogen, 2.4 pounds of 
phosphorus, and 44 pounds of potassium (Willis and Evans, 1977). About 
283,000 Btu's are required to manufacture commercial fertilizer having the 
same amount of nutrients. Since about 2 billion tons of soil are lost each 
year through erosion, about 566 trillion Btu's are lost with the soil. USDA 
has established as a goal reducing erosion by one-fifth. Reducing erosion by 
one-fifth would save an estimated 113 trillion Btu's per year. 


Prime Farmland.--Prime farmland is the land best suited to agricultural 
production. The National Resource Inventories (USDA, 1978b) showed 346 
million acres of prime farmland in the United States. Of this total, 116 
million acres, or about one-third, are used for pasture, forest, and other 
purposes besides crop production. USDA estimates that each year about 1 
million acres of prime farmland are converted to nonfarm uses, mostly urban 
uses. Prime farmland makes up about 30 percent of the land being converted 
to nonfarm uses. If this same proportion applies to the entire 95 million 
acres of urban land and rural land used for transportation in the Nation 
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today, we have already lost 28.5 million acres of prime farmland--an area 
larger than the size of Ohio. 


Less energy is needed to produce crops on prime farmland soils than is needed 
on other soils. If prime farmland is converted to nonfarm uses farmers often 
have to shift production to less suited soils where the energy requirements 
for a given level of production are greater. 


If 100 extra pounds of nitrogen fertilizer were required on each acre of this 
less productive farmland, for example, about 100 million additional pounds of 
nitrogen would be needed each year. Since about 31,000 Btu's are required to 
produce 1 pound of nitrogen, about 3.1 trillion Btu's would be expended in 
the production of the nitrogen fertilizer. Because an additional 1 million 
acres would be lost each year, the total energy loss would be compounded over 
the years. Reducing by half the acreage of prime farmland converted to other 
uses could, therefore, save an estimated 78 trillion Btu's per year in fer- 
tilizer production alone by 2030. 


Agricultural Water Management.--Energy can be conserved in agriculture by 
changing traditional water management practices, primarily irrigation and 
drainage. 


) Irrigation.--About 14 percent of the cropland and about 4 percent of the 
pastureland in the country are irrigated. Because of the energy required to 
lift, transport, and distribute water, irrigation requires large amounts of 
energy. In 1977, irrigation consumed about 260 trillion Btu's of energy, or 
about 11 percent of the total energy used on farms. USDA (1977a) estimates 
that improved irrigation methods could save 53 trillion Btu's annually. Any 
reduction in the amount of water used or any improvement in the efficiency of 
irrigation systems translates directly into energy savings. Also, any re- 
duction in use of fertilizer or other agricultural chemicals as a result of 
more efficient irrigation reduces energy use. 


) Drainage.--Nationwide, nonfederal land includes 270 million acres of wet 
soils, about 105 million acres of which are now cropland. About half the 
acreage of cultivated wet soil is adequately drained and can be tilled effi- 
ciently. The 1977 National Resource Inventories (USDA, 1978b) indicate that 
34.2 million acres of undrained cropland still need drainage. This figure 
includes land in row crops, close-growing field crops, rotational hay and 
pasture, summer fallow, orchards, vineyards, bush crops, improved hay, wild 
hayland, and other cropland not harvested or pastured. It does not include 
wetlands or other natural areas. In addition 16 million acres have been 
partly drained. 


Draining this undrained and poorly drained cropland would save energy and 
increase production. More energy is needed to till inadequately drained land 
than adequately drained land. More energy is needed to pull tillage equip- 
ment on wet clayey soils, and some farming operations must be repeated in wet 
areas.- On many wet soils soil compaction is a problem that also increases 
energy requirements. 


The results of earlier studies (USDA, 1967; USDA, 1975) indicate that if the 
34.2 million acres of cropland were drained, 137 million gallons of fuel per 
year, or about 16.4 trillion Btu's, could be saved. The improved drainage on 
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this 34.2 million acres could produce an increase in yields equal to the 
average yield from 12 million acres of cropland. 


On the 16 million acres that have been partly drained, the full savings in 
fuel estimated above cannot be expected from full drainage development. It 
is reasonable, however, to expect fuel savings per acre to be about half 
those projected for undrained cropland. Thus, about 34 million gallons of 
fuel, or about 4 trillion Btu's, could be saved through improved drainage on 
partly drained lands. In addition, the increased yields from draining these 
lands would equal the average yield from 3 million acres of cropland. As- 
suming that 25 percent of the total costs of improving the drainage on 52 
million acres of cropland and the irrigation management on 30 million acres 
of cropland is for energy conservation, the annual costs would be $850 mil- 
lion between now and 1990. These costs would include investments in 
research, field trials, information and education, grants and loans, and 
private investments. 


Management of Pasture and Range.--Meat production requires high indirect use 
of fossil fuel, mainly in producing grains to feed livestock. Currently, 
feed grains make up more of livestock feed than they ever have before. 
Steers fed a formulated ration under confinement require about 400,000 Btu's 
of fossil fuel to gain 1 pound. The fossil fuel expenditure per pound of 
gain on range is very small. Studies conducted in 1974 show that cattle 
ranches in the Southwest used about 4 gallons of gasoline and 62 kilowatt- 
hours of electricity to produce 100 pounds of live beef. If these cattle did 
not graze on range but were fed harvested alfalfa hay, fossil fuel require- 
ments would double and electricity needs would increase by 50 percent. 
Current demand for red meat, however, could not be met if all steers were 
produced on pasture and range alone. 


Nitrogen fertilizer production is involved in the natural gas shortage 
because natural gas is the main fuel used in making this fertilizer. Al- 
though fertilizer use on pasture and range is small, studies show that the 
use of additional fertilizer on range and pasture is more economical and 
probably more energy efficient than the use of additional fertilizer on 
harvested grains and forage. Energy requirements are higher on well managed 
range and pastures than on poorly managed sites. Becase yields are greater, 
however, 58.1 million gallons of fuel, or 7 trillion Btu's, could be saved 
through good pasture management (USDA, 1975). 


Shelterbelts and Windbreaks.--Windbreaks can significantly help to conserve 
energy in rural America, particularly in heating homes. Windbreaks can also 
help to save energy in snow removal, livestock feeding, and crop production. 


Several studies have shown that windbreaks planted around farmsteads, ranch 
headquarters, and other rural residences can reduce energy consumption during 
the heating season by 10 to 30 percent. A study conducted by the Lake States 
Forest Experimental Station in Nebraska showed a savings of 23 percent 
(Bates, 1945). This study involved two identical houses, one protected by a 
windbreak and the other unprotected. A temperature of 70° F was maintained 
in each house. 


A study in South Dakota reported similar results. A fully exposed, elec- 
trically heated house required about 65 percent more electricity to maintain 
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an inside temperature of 70° F from January 17 to February 17 than an iden- 
tical house sheltered by a windbreak. The difference in average energy 
requirements for the whole winter was nearly 34 percent (Flemer, 1974). 


A properly designed, 36-foot-high windbreak can reduce surface wind velocity 
by 35 percent or more for about 475 feet to the leeward. Table 3F-4 shows 
the percentage of fuel saved where windbreaks reduce surface wind velocity by 
35 percent. The table shows that outside temperatures have much less effect 
on fuel savings than surface wind velocity. 


Table 3F-4.--Percentage of fuel saved if wind velocity is 
reduced by 35 percent 


Outside temperature in °F 


Open wind velocity 


(mph) -10 0 10 20 30 40 50 
(Percentage) 
5 13 12 12 12 11 I Et 
7 17 16 16 15 15 15 15 
10 2a Pa? s Zt 20 20 19 19 
i) 27 26 26 25 24 24 23 
KS 30 30 29 28 on 27 26 
18 34 a3 32 Si 31 30 30 
20 36 35 34 34 33 33 De 


Source: Bates. 1945. 


The potential reduction in fuel consumption for home heating is significant, 
particularly in the Great Plains. The 1970 Census of Housing, conducted by 
the Bureau of the Census, shows that there were about 1 million dwellings in 
rural areas of North Dakota, South Dakota, Nebraska, Kansas, and Oklahoma. 
USDA records show more than 480,000 acres of farmstead windbreaks in these 
same five states. An average farmstead windbreak is 2 acres. Therefore, 
windbreaks now reduce the energy needs for home heating in about 240,000 
rural dwellings in these states. 


In the Great Plains, an average sized house of 1,200 square feet uses from 
800 to.1,200 gallons of fuel oil annually for heating. Assuming an average 
of 1,000 gallons of fuel oil and a 70 percent furnace efficiency, the energy 
heating requirement per home is 99 million Btu's per year. If a windbreak 
reduces fuel consumption by an average of 20 percent, each house with a 
windbreak saves nearly 20 million Btu's per year. If windbreaks could be 
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planted around the 760,000 unprotected rural dwellings in the Great Plains, 
the potential energy savings would be 15.2 trillion Btu's per year. 


Substantial energy could be saved in home heating in many other areas as 
well. Using the estimates shown above, for every 10,000 windbreaks planted 
around rural residences, 200 billion Btu's could be saved per year. The 1970 
Census of Housing showed that Montana, Wyoming, Colorado, Missouri, Iowa, 
Minnesota, Wisconsin, Illinois, Indiana, and Ohio contained slightly more 
than 4 million rural dwellings. If windbreaks could be planted around only 
20 percent of these dwellings not protected by windbreaks, 16 trillion more 
Btu's could be saved. The combined potential energy savings for the Great 
Plains and these other states is 31.2 trillion Btu's per year, or the equi- 
valent of more than 221 million gallons of fuel oil annually. 


Assuming that windbreaks could be established to protect 1.5 million rural 
residences by 1990, an investment of nearly $68 million annually would be 
required. This investment would include research, information and education, 
grants and loans, and private investments. 


Areas Affecting Energy Generation and Substitution 


Each of the following areas represents potential alternative ways to generate 
energy or to substitute new sources of energy for old. Because energy con- 
cerns are of relatively recent origin, some of the data and analysis in this 
section are preliminary and not as definitive as future reports will be. 
However, the data do suggest opportunities for and levels of magnitude of 
potential energy savings. The discussions of some of these areas present 
only the beneficial side of the opportunity. In considering any of these 
areas, it must be recognized that there will generally be an additional 
energy cost. The net energy gain must be carefully examined before deciding 
on a course of action. 


Organic Wastes as Fertilizers.--About 800 million dry tons of organic resi- 
dues are produced annually. These residues are often considered wastes, and 
they have, in fact, caused widespread pollution of water, air, and soils as 
various attempts to dispose of them properly have failed. 


Because most organic residues originate in the soil, their production de- 
pletes the soil to some degree. However, most can be returned to the soil to 
improve it. 


ro) Animal and poultry manure.--Livestock and poultry excrete about 175 
million dry tons of manure annually. This manure is worth $4.67 billion as 
fertilizer. It contains 7.7 million tons of nitrogen (N), or 73 percent of 
the N purchased annually in commercial fertilizer; 1.9 million tons of 
phosphorus (P), or 79 percent of the P in commercial fertilizer; and 4.2 
million tons of potassium (K), or 87 percent of the K in commercial fer- 
tilizer. Only 39 percent of the manure is produced in confined areas where 
it must be spread. The rest is dropped directly on pasture or rangeland, 
where it fertilizes the soil and increases forage production. 


Of the manure produced under confined conditions, 73 percent is being spread 
over the land. Even though under the best conditions some N is lost before 


it reaches the soil, this manure still contains plant nutrients valued at 
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$1.02 billion annually. An additional $380 million could be saved on fer- 
tilizer each year if the remaining 27 percent were spread. 


Of the 7.7 million tons of N in manures, 3 million tons are produced annually 
under confined conditions. At the current price of $300 per ton of N, the 
total value of this N is $900 million. About 63 percent of this N is lost 
before it can be applied to land as fertilizer. Thus, N valued at about $570 
million is lost annually. About $160 million worth of N could be saved 
through improved management. 


fo) Crop residues.--The Nation's cropland produces about 430 million dry 
tons of crop residues each year. About 68 percent of these residues are 
returned directly to the soil and about 26 percent are fed to livestock. 
Most of the residues fed to livestock are returned to the soil in manures 
(USDA, 1978a). In addition, 2.7 percent is sold for a variety of special 
uses, mostly in the chemical industry (USDA, 1978a). About 2.4 percent is 
wasted. These wasted residues are mostly from cotton (gin trash), rice, 
Sugarcane, and grass seed. Assuming that the wasted residues have the same 
composition of N, P, and K as the total crop residue, their total fertilizer 
value would be about $75 million. 


fe) Sewage sludges.--Sewage sludges amount to about 4.4 million dry tons 
annually, much less than livestock and poultry manures and crop residues 
(USDA, 1978a). If they were of high enough quality to be safely used as 
fertilizer, the plant nutrients in sewage sludges would be worth about $92 
million annually. Currently, less than 25 percent of this amount, or $22 
million worth, is returned to the land. 


fe) Municipal refuse, logging residues, and industrial organic refuse.--Most 
of these organic wastes have value as fuel and can be used in energy genera- 
tion. Some also have value for improving soils. About 70 percent of the 140 
million tons of municipal refuse produced each year is biodegradable organic 
residues (mainly paper, food, and yard refuse). These wastes generally have 
limited value as fertilizer, but many could be used to improve soil tilth. 
Improving tilth would decrease the amount of energy needed in tillage. 


Livestock and poultry manures worth $380 million, crop residues worth $75 
million, and sewage sludges worth $30 million are not spread over the land. 
These wastes contain 1.4 billion pounds of N, 350 million pounds of P, and 
1,450 million pounds of K. The energy required to produce this fercili Zeneds 
51.2 billion Btu's. In addition, producing the amount of N lost annually 
through poor management of manures would require 33.2 Btu's. Therefore, if 
all the waste organic residues were spread and if manure-handling techniques 
were improved, 84.4 billion Btu's could be saved each year. 


Biomass as an Energy Source.--USDA estimates that crop and wood residues on 
the Nation's nonfederal land could generate about 9,000 trillion Btu's of 
gross energy annually, or almost four times the energy used each year on the 
Nation's farms and ranches. This estimate assumes that only the residues 
that could safely be removed from the land without risking soil deterioration 
caused by soil erosion or compaction would be used. 


fo) Crop residues.--On some of the Nation's cropland, crop residues could be 
removed for energy generation without risking erosion. Studies (Larson, 
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1979) show that 36 percent of the crop residues produced in the Midwest could 
safely be removed for energy generation. USDA estimates that more than 20 
percent of the Nation's crop residues--about 91.1 million dry tons--could be 
so used. 


Highly efficient technology for converting crop residues into usable energy 
has not yet been developed (Zeimetz, 1979). However, USDA can identify areas 
from which crop residues could be taken when the technology becomes avail- 
able. The USDA estimate that 20 percent of the crop residues could be safely 
used is based on the assumption that conventional tillage is used. Burning 
crop residues to dry grain on farms and in grain elevators is a promising 
prospect for early study. 


The crop residues produced each year total 430 million dry tons (USDA, 
1978a). The average energy per dry ton of crop residues is 10.7 million 
Btu's; these crop residues therefore contain 975 trillion Btu's of energy, or 
about 40 percent of the 2,320 trillion Btu's of energy now used on farms and 
ranches. 


O Producing biomass crops.--Table 3F-5 summarizes the potential production 
of biomass on land not now used as cropland and from crop residues on land 
now in crops. In developing table 3F-5, USDA used the following assumptions: 


For land not now cultivated-- 

I Class I land (see "land capability classes and subclasses" in the 
glossary) not now cultivated but having high or medium potential as 
cropland should not be used for biomass production. Such land 
would likely be converted to cropland. Forty percent of the resi- 
dues from such cropland could be used for biomass. Annual pro- 
duction from this land would be 7 million tons. This total is not 
included in table 3F-5. 

2. Yields of biomass, as either a primary or secondary crop, would 
vary by capability subclass, as shown in table 3F-5. 

3s Land in subclasses VIs, VIc, VIIs, VIIc, VIIIs, and VIIIc has low 
potential for biomass production. The soils are too shallow, 
stony, salty, dry, or cold. Research, however, may identify plants 
that could provide biomass on such land. 

4. Land in subclasses Vle and VIIe now in pasture and woodland could 
be shifted to biomass production but for this analysis was assumed 
to be needed for its present use. Such land in range should not 
be shifted because yields would be very low. 

Dis Land in subclasses VIw and VIIw is wetland. This land would be 
preserved, not used for biomass or other crops. 

6. Irrigated pastureland in classes VI and VII will not be used for 
biomass production. This land is highly productive of forage crops 
used in producing red meat. 


For land now grazed-- 

le USDA estimates that good management could increase forage pro- 
duction by 50 percent on existing pastureland and rangeland (USDA, 
1979d). Therefore, decreasing the acreage of pastureland and 
rangeland by one-third need not reduce total forage production if 
management levels could be appropriately increased. 
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Lie There are about 133.6 million acres of nonfederal pastureland. 
Therefore, almost 45 million acres now in pastureland could be used 
for biomass production without lowering total forage yields. 

3. No rangeland or class IV through VIII pastureland should be used in 
producing biomass. This land is too fragile to be farmed inten- 
sively and is needed to help satisfy the Nation's projected demand 
for red meat. The 45 million acres of pastureland to be converted 
to biomass production, therefore, would come from land in sub- 
classes Ile, IIw, IIs, [11le; IlIw,. ‘and Ills. 

4. All the class II pastureland and half of the class III pasture- 
land could be used for production of biomass and alcohol. Such 
land in subclasses IIe, IIw, and IIIw would be used to grow corn 
for alcohol. The rest would support close-growing crops for bio- 
mass. 


For land now in commercial woodland-- 

ilk Good management could increase production of wood crops by 33 
percent on existing commercial woodland (USDA, 1979d). Therefore, 
decreasing the acreage of commercial woodland by one-fourth need 
not reduce production. 

Dh There are about 377 million acres of nonfederal forest land in the 
United States (USDA, 1978b). About 94 million acres, or 60 per- 
cent, of the commercial woodland in subclasses IIe, IIw, IIs, IIle, 
IIIw, IIIs, IVe, IVw, and IVs could be freed for biomass pro- 
duction. Such land in subclasses IIe, IIw, and IIIw would be used 
to grow corn for alcohol. The rest would support close-growing 
crops used for biomass. 

oie Woodland in classes V, VI, VII, and VIII is more fragile than the 
other commercial woodland and is needed to maintain production of 
wood crops. Land in subclass c could not economically produce 
biomass. 


For land now cultivated-- 

ile Crop residues should not be removed for biomass production if they 
are needed to prevent erosion or maintain tilth. 

2 Availability and yield of crop residues varies by capability sub- 
class, as shown in table 3F-5. 


For gasohol production-- 

ihe The least erodible land now in pasture and forest would be used. 

Ze All available land in subclasses Ile, IIw, and IIIw would be used 
(See table 3F-5). 


USDA would give high priority to developing or identifying plants best suited 
to production of biomass. The best suited plants will vary with the kind of 
soil and the climate. Plants used for biomass should be: (1) perennials or 
capable of reseeding themselves so that it is not necessary to till sloping 
soils every year, (2) highly productive of biomass, (3) easily harvested, 
(4) close growing in order to protect the soil from erosion and (5) should 
require minimum energy input. 


O Gasohol.--Of the pastureland and forest land that could be used for 
energy production, it is most reasonable to use the more level land to pro- 


3-264 


duce grain for alcohol. Such land has fewer or less severe limitations than 
more sloping land and in general produces more grain. 


Although grains other than corn can be used to produce alcohol, corn has a 
number of advantages. It can be readily converted to alcohol with existing 
technology, and it is at least as economically feasible as other grains 
(statement by Secretary Bergland before the subcommittee on Energy Develop- 
ment and Applications, Committee on Science and Technology, U.S. House of 
Representatives, May 4, 1979). Wheat and sorghum will return about the same 
number of gallons of ethanol per bushel (2.6), but production per acre is 
generally less. The Net energy gain must be considered on a per acre basis. 


In table 3F-5, the average yield of corn is assumed to be 100 bushels per 
acre. It is assumed that conservation practices are used so that corn can be 
grown each year. It is assumed that all of the available acreage (land now 
used for pasture and woodland) in capability subclasses IIe, IIw, and IIIw 
would be used to produce corn for alcohol generation. 


These lands could produce 6 to 7 tons (dry weight) of fiber crops per acre 
with a total energy content on combustion of about 70 million Btu's. As much 
as 75 percent of this energy can be captured for space heating by our most 
efficient furnaces. This is not a net gain, however, because the energy 
required to produce and harvest the crop is not included. 


In contrast, the 100 bushels of corn per acre would produce 260 gallons of 
ethanol, or 22.1 million Btu's. Because ethanol is a processed liquid fuel, 
the yield of energy per acre in the form of ethanol is less than the yield 
measured by dry fiber weight. Again, this is not net energy production. 
Current technology does not permit energy-efficient production of alcohol 
from grains where petroleum products are used in the conversion process. 


The corn crop would also produce 1 ton per acre of crop residue (dry) with a 
total energy value of 10.7 million Btu's. Where they can be removed from the 
soil with no risk of soil deterioration, these residues are available for 
biomass in the same proportion as on land in the same subclasses now cul- 
tivated. 


For every gallon of ethanol, distillers dry grain feed worth $0.36 would be 
produced. The distillers dry grain from 100 bushels of corn would have a 
total value of $93.60 as feed (statement by Bergland, May 4, 1979). Large- 
scale ethanol production would likely force the prices of high-protein feed 
supplements down. The average composition of distillers dry grain compared 
with corn and soybean meal is shown in table 3F-6. The distillers dry grain 
has about half the ruminant digestible protein and twice the fiber content of 
soybean meal. 


The total pastureland and woodland available for biomass production in sub- 
classes IIe, IIw, and IIIw (table 3F-5) is 66.1 million acres. If used for 
corn, it could produce 17.2 billion gallons of ethanol having 1,461 trillion 
Btu's of energy. An analysis of various levels of production is presented in 
table 3F-7 (statement by Bergland, May 4, 1979). If 1.5 tons of residue were 
produced per acre and if 5 percent of the crop residues on lands in subclass 
IIe and 40 percent of the residues on lands in subclasses IIw and IIIw were 
used, a total of 247 trillion Btu's could be produced from the corn residue. 
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Table 3F-6.--Feeding values for corn, distillers dry grain, and soybean meal 


a a a 


Distillers Soybean 





Feed value Corn dry grain meal 
(Percent ) 

Dry matter----------------------- 88.0 93.8 89.6 

Crude! protein==-"-=="---"2>-fe-= 8.9 27.0 44.0 

Cride? fatc= =e 5-2 6> — Sree as? Be 9:0 0.5 

Crude (‘fibers = -13— 7s ee ee ao 18,0 7.0 

Ruminant digestible protein------ 5.8 1933 o7.5 


Source: Feedstuff. Vol. 47, No. 38. Sep. 19, 1975. pp. 33-38. 


At $93.60 per acre, the distillers dry grain would have a total value of $6.1 
billion, assuming a demand existed for such a large quantity. 


At present, use of gasohol is encouraged by a provision of the 1978 National 
Energy Act, which exempts gasohol from the 4 cents per gallon federal gaso- 
line tax. If this 4 cents were applied as a subsidy to ethanol production, 
the total subsidy would actually be 40 cents per gallon of ethanol because 
ethanol makes up only 10 percent of gasohol. The analyses of costs in table 
3F-8, however, indicate that an additional subsidy of 17 cents per gallon 
would be required to cover the costs of ethanol production. 


Small-scale ethanol generating units for onfarm use may prove feasible. Use 
of crop residues, grains, and other available organic residues in such units 
could produce significant amounts of fuel for use on the farm. 


If all the corn produced in the United States were converted to ethanol, it 
could provide about 1,400 trillion Btu's, or less than 2 percent of our total 
energy requirement. If the exported corn, wheat, and sorghum were kept in 
this country and converted to ethanol, it would generate 600 trillion Btu's. 


At a price of $20 per barrel of oil (one barrel of oil yields 5.8 million 
Btu's), $1 will buy 290,000 Btu's. At a price of $2.50 per bushel of corn, 
$1 will buy 88,400 Btu's. Therefore, the generation of alcohol from grain is 
not considered economical at this time. However, if alcohol ever becomes a 
practical substitute for gasoline, because of changes in prices, conversion 
technology, or use technology, greater demands will be placed on our more 
fragile lands. The risk of erosion and the need for erosion control will 
therefore be greater. 


O Wood residues.--About 485 million dry tons of unused wood are produced 
annually in the United States (USDA, 1979d). (See table 3F-9.) About 
three-fourths of this wood is on forest lands. It includes excess growth, 
small noncommercial timber, logging residues, dead trees, and cull trees. On 
some land, the return of these residues to the soil is essential for main- 
taining soil productivity. On most soils, however, this is not the case. 
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Table 3F-7.--Agricultural implications of gasohol program options 


(Sete Sr a a ee 


Gasohol program levels 


5 10 15 20 1/ 
Drlidon s)billdon biblion...billion 
gallons gallons’ gallons gallons 


Sr ee Ae ee ee ee ee ee ee 


Ethanol required (billion gallons)----- 0.5 10 5 2.0 


Corn feedstock required (million 
bushels) 2/-------------------------- 190 380 570 760 


Feedstock requirement (percentage of 
current corn reserve stock objective, 
666 million bushels) 3/-------------- 29 58 87 116 


Feedstock requirement (percentage 
of current CCC feed grain inventory, 
April 5, 1979)----------------------- 142 284 426 568 


Corn acreage required (million 
acres) 4/---------------------------- 1.9 3.8 5a8 iol 


Distillers dry grain production 
(million tons) 5/-------------------- 1.6 Bae. 4.8 625 


Distillers dry grain production (per- 
centage of 1976 domestic consumption 
of distillers dry grain)------------ 428 856 1,283 lag ld 


Distillers dry grain production 
(percentage of 1976 production of 
high-protein feed supplement )-------- 6.6 1352 19.8 26.4 


1/ A 20 billion gallon gasohol program would provide about 12 percent 
of the total annual gasoline needs of the transportation sector. 

2/ Assumes 2.6 gallons of ethanol per bushel of corn. 

3/ The current corn reserve stock objective is actually a range: 629-703 
million bushels. The midpoint is used for convenience of calculation. 

4/ Assumes corn yield of 100 bushels per acre. 

5/ Assumes 16.8 pounds of distillers dry grain per bushel. 

Source: Statement by Secretary Bergland before the subcommittee on 
Energy Development and Applications, Committee on Science and Technology, U.S. 
House of Representatives, May 4, 1979. 
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Table 3F-8.--Subsidy requirements per gallon for a 40 million 
gallon per year distillery 














Feedstock costs ($2.50/bu corn)-------------- $0.96 
Direct costs (fuel, labor, ‘etc.)--<--------- .24 
Indirect costs (administrative, marketing, 
plant overhead) <<---<-<-------------------- .09 
Capita lee COVe Wye > ——=—— en ae ea a 32 
Total ------------------- nner Stel 26:1: 
Less#octane. Credit -—--~— 24 - em a ~o e “555 
Total ----- nnn nnn rrr nnn $ 1.46 
Less distillers dry grain credit ($110/ 
CTU a a a 74 36 
Total ----- nnn nnn nnn nnn nnn $1.10 
Less refinery gate price of nonleaded 
PaS0 Wines seo wen ae ee ae ee Od 
By re IS tnt testa Nat Sekar he ie oan all gi Kot Sent Bondi 
Less federal gasoline tax exclusion-------- -.40 
Estimated additional subsidy requirement 
per gallonvof ethanol----=----=-=-~-+----< Lai 


1/ Assumes 6.5 pounds of distillers dry grain per gallon of ethanol. 
Source: Statement by Secretary Bergland before the subcommittee on 
Energy Development and Applications, Committee on Science and Technology, U.S. 

House of Representatives, May 4, 1979. 
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Table 3F-9.--Estimate of unused wood produced annually in the United States 





Energy wood source Amount Energy equivalent 


(Millions of (Trillions of Btu's) 





dry tons) 
Forest: 
Excess growth and small 
noncommercial timber------------- 230 34565 
Logging residues, dead trees, 
and*cull \trees--------------=----- 145 2,247 
Other: 
Urban tree removal and 
wood wasteS---------------------- 70 1,085 
Waste wood from land 
Sl@amei Nee ra ns eo ee 20 310 
Forest products industrial waste-- 20 310 
Total --------- 9-22 nnn nnn enn n nnn -- 485 13517 


(Source: USDA, 1979e). 
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Research is needed to find the most effective means of using this resource. 
Urban tree removal, scrap, and wasted wood from land clearing is largely 
unused. Most of it is placed in landfills or burned. The total unused 
amount of such wood is 90 million dry tons. The unused wood manufacturing 
wastes generated each year in the United States total 20 million dry tons 
(USDA, 1978a). 


If appropriate technology could be developed, the total potential annual 
production of energy from wood residues on both federal and nonfederal land 
would be about 7,500 trillion Btu's. By the year 2030, the Society of Ameri- 
can Foresters (1979) estimates that 15,000 trillion Btu's of energy could be 
produced annually from wood residues and that the Nation's demand for lumber 
and other wood products would still be met. 


O Summary of potential production.--Our agricultural and forest lands 
could produce as much as 20,000 trillion Btu's per year. USDA assumes that 
143.5 million acres now in pasture or woodland could be used for biomass 
production. If management is improved on all land used for pasture and wood- 
land, this acreage will not be needed to meet current demand for red meat or 
wood crops, although more than 90 million acres have high or medium potential 
for cropland (USDA, 1977c). 


In the future, the amount of land available for production of biomass as the 
primary crop will decline as more land is required to produce food and non- 
energy fiber. 


In order to meet the high level of demand for the year 2030, the acreage of 
cropland will be increased. The additional acreage would come largely from 
land now assumed to be available for producing biomass as the primary crop. 
Therefore, the acreage available for biomass production would decrease sub- 
stantially over the next 50 years. 


If appropriate technology becomes available to convert biomass to energy at a 
rate of 0.5 unit of net energy from 1.5 units of gross energy, the production 
would be substantial. About 2,100 trillion Btu's of energy could be produced 
each year from the yield on 49 million acres where biomass was the primary 
crop and from the crop residue that could safely be removed from 20 percent 
of the nation's cropland. Producing this energy would require an investment 
of $994 million annually between now and 1990. In addition, 480,000 onfarm 
converters and 20,000 community conversion plants may be required, at a cost 
of $1.7 billion annually during the same period. These estimates include 
investments in research and development, field trials, trial plants, infor- 
mation and education, loans and grants, contracts, and private investments. 


Alternative Energy Sources on the Farm.--The U.S. Army Corps of Engineers has 
estimated that 26.6 million more kilowatts could be generated at existing 


small dams. Their report defined small dams as those less than 100 feet 
high, having a reservoir storage capacity of less than 10,000 acre-feet and a 
generating capacity of less than 5,000 kilowatts. This estimate assumes that 
all the storage capacity of these dams would be converted to storage for 
hydropower and used to produce electricity. Based on this assumption, the 
additional hydropower potential of these small dams would be about equal to 
that of existing large dams. 
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Small dams constructed under USDA programs offer little real potential for 
hydropower development because they are not built for that purpose. USDA 
estimates that a dam with 50 feet of hydraulic head could produce 100 kilo- 
watts of power 25 percent of the time. To do this, however, l-year's water 
requirement of 5,200 acre-feet would have to be allocated to energy produc- 
tion. Very few USDA-built dams have this kind of extra storage capacity. If 
the added storage were available, the cost to produce the 100 kilowatts of 
hydropower from a small dam would be over $1 million. Using conventional 
methods to produce 100 kilowatts during the same period of time would cost 
only about $100,000. As energy costs increase and shortages loom, however, 
USDA believes that studies should be intensified to identify sites where 
small dams could produce hydroelectric power. Within the next 50 years, it 
may be feasible to design many dams that USDA builds for water storage or 
flood control so they can also be used for hydropower. 


Windmills are used to pump water for livestock, domestic use, and irrigation. 
Small windmills deliver from 2 to 20 gallons per minute, depending on the 
size of the mill and the elevation to which water has to be raised. Larger 
windmills that generate from 10 to 75 horsepower operate irrigation pumps. 
Windmills are also used in remote areas as a supplemental source of elec- 
tricity, which is stored in batteries. 


The data on the cost effectiveness of windmills as an energy source are 
inadequate. Some experimental wind energy conversion systems in areas with 
high average winds produce energy at a cost of approximately 6 cents per 
kilowatt-hour. Further development is expected to lower these costs. 


The sun provides extremely large amounts of energy. This energy can be 
collected directly as heat or converted to electricity through photovoltaic 
cells. About 7 percent of the fossil energy used in agricultural production 
is used in low-temperature heat applications, which solar energy can effi- 
ciently supply. Such uses include crop drying, livestock shelter heating, 
poultry brooding, dairy water heating, and greenhouse heating. If the farm 
residence is considered part of agricultural production, solar energy can 
also provide space and domestic water heating. 


Although energy from the sun is "free," equipment for its collection, 
storage, and use is not. For economical application of solar energy in 
agricultural production, equipment costs must be low and the energy collected 
must be usable for much of the year. 


As better and cheaper equipment for farmstead energy systems is developed and 
as the price of conventional energy continues to increase, alternative energy 
sources--such as low-head hydro, wind, and the sun--will be important in 
reducing our dependence on imported fuels. 


Legumes as a Source of Fertilizer.--A legume crop adds about 100 pounds of 
nitrogen (N) per acre to the soil annually. It also helps control soil ero- 
sion. ~Farmers have traditionally grown legumes mainly because of the value 
of the hay or forage. At a yield of 5 tons per acre and $30 per ton, this 
value is $150 per acre. The fertilizer value of the N is about $15 per 
acre. This value, although not recognized by all farmers, is an important 
inducement to grow legumes in the crop rotation. Also, production costs are 
about $57 less per acre for legumes than for corn. 


Seo 7x. 


About 31,000 Btu's of energy are required to manufacture a pound of N in 
fertilizer and transport it to the farm. If the legume produced 5 dry tons 
of crop residues per acre, its potential energy value would be 53.5 million 
Btu's per acre. In addition, 3.1 million Btu's per acre would not have to be 
expended in making fertilizer N. The legume crop, therefore, provides 56.6 
million Btu's per acre. A corn crop would create about 75.5 million Btu's at 
a cost of about 6.2 million Btu's for N fertilizer. 


Considering all energy used in growing the crop, a corn crop would produce 
2.69 Btu's for every Btu invested, a tame hay crop 2.75 Btu's, and an alfalfa 
crop 4.24 Btu's (Pimentel, 1979). The N produced by a clover crop would 
provide more than half of the N required for the corn crop and about 12 
percent of the total energy required. Because clover conserves both soil and 
energy, USDA should encourage its use. 


In the last decade, legumes have been grown on 20 million fewer acres than in 
earlier years. Two billion pounds of nitrogen fertilizer were required to 
replace the N in the legumes that were not grown. Sixty-two trillion Btu's 
were required to make this fertilizer. This energy could have been saved if 
legumes had been grown. 


For the purpose of this study, USDA assumed that the residues produced by the 
legume crop are needed to control erosion. These residues would contain 
1,070 trillion Btu's of energy. Assuming 40 million acres of legumes are 
included in the cropping sequence on sloping lands, USDA estimates that an 
investment of $104 million annually would be required through 1990. This 
includes information and education, grants and loans, and private investment. 


Methane from Manures.--About 175 million dry tons of manure are produced 
nationally each year. About 68 million tons are produced under confined 
conditions and must be collected and spread on land or used in other ways 
(USDA, 1978a). 


Anaerobic digestion of 1 ton of manure will yield 10,000 to 16,000 cubic feet 
of synthetic natural gas (SNG), also referred to as bio-gas (NASNGP, 1975). 
About 60 percent of this SNG is methane gas. The rest is carbon dioxide, 
hydrogen sulfide, and other gases. Methane has an energy value of 1,000 
Btu's per cubic foot. About one-third of the gas produced is used to heat 
the digesters and operate machinery (NASNGP, 1975). One ton of manure would, 
therefore, yield about 4,000 to 6,400 cubic feet of pipeline-quality methane 
gas, or about 4 to 6.4 million Btu's of energy. The manure would lose none 
of its value as fertilizer. 


Although manure is not extensively used in energy production in the United 
States, it has considerable potential. USDA estimates that 25 percent of the 
manure produced under confined conditions could be used in methane gas pro- 
duction. The estimated net yield from this manure would be 68 billion cubic 
feet of methane gas, or 68 trillion Btu's. An estimated 600,000 methane 
conversion units, at a cost of $5,000 per unit, would be needed. An in- 
vestment of about $360 million would be required per year between now and 
1990. These costs are based on the assumption that 50 percent of the invest- 
ment will be allocated to energy conservation objectives. These estimates 
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include investments in research and development, field trials, trial plants, 


grants and loans, information and education, contracts, and private in- 
vestments. 


Alternative Objective Levels 


The U.S. Department of Agriculture plans to encourage farmers to use less 
energy per unit of production and, where feasible, to use agricultural 


products for generating energy. Following are alternative objective levels 
for energy conservation and generation 


Objective Level 1.--High-level objectives would involve maximum USDA activity 
to promote energy conservation and the production of biomass for energy 
generation. An increase in the energy efficiency of agriculture (energy 
expended per unit of production) of more than 10 percent could be expected. 


Objective Level 2.--Medium-level objectives would involve moderate USDA 
activity to promote energy conservation and the production of biomass for 
energy generation. An increase in the energy efficiency of agriculture of 2 
to 10 percent could be expected. 


Objective Level 3.--Low-level objectives would involve minimum USDA activity 
to promote energy conservation. Any significant change in the energy effi- 
ciency of agriculture would tend to reflect changes in the price of energy 
rather than the impact of government activity. 


Recommendations for Future Analysis 


A small interagency staff conducted the preceding analyses of opportunities 
to save or generate energy on farms and ranches in a limited period of time. 
Had more time and people been available, a more detailed and thorough evalua- 
tion would have been possible. 


The following paragraphs identify areas for which more precise data are 
needed for future analyses. The Nation must develop efficient technologies 
that will reduce the dependence on fossil fuels in agriculture. 


Conservation Tillage.--USDA needs a more detailed breakdown of the current 
and potential usage of reduced tillage. Alternative systems or methods of 
tillage that will achieve the most efficient use of energy should be identi- 
fied by crop and kind of soil on which the crop is grown. USDA should also 
identify, for each of the crop-soil-tillage system alternatives, the required 
use of pesticides and other chemicals and their pollution hazards. USDA 
should also have accurate data for estimating comparative costs and energy 
needs so it can accurately calculate net savings. 


Crop-Drying.--USDA needs data on the amount of fossil fuels used in drying 
specific crops. It should identify the form of energy used. 


Fertilizer Use.--USDA needs better estimates on the extent of fertilizer 
overuse, by crop and by soil. 


Agricultural Water Management.--USDA needs better estimates of the potential 
for minimizing energy use per unit of production through-- 
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(1) converting to gravity irrigation 

(2) converting to drip irrigation 

(3) improving irrigation management 

(4) limiting water use to best suited soils 
(5) improving drainage of cropland. 


Pasture and Range Management.--In order to more accurately estimate the 
potential to minimize energy use per unit of production, USDA needs data on 
the acreage under poor management. For example, for pastureland it would be 
helpful to know the acreage that is unfertilized and the acreage that needs 
stand improvement. 


Shelterbelts.--USDA needs accurate data on the number of farmsteads in the 
central and northern states that are not protected by shelterbelts and the 
potential energy savings per farmstead, by state. It needs similar data for 
rural nonfarm residences where sufficient land is available to establish the 
shelterbelt. 


Organic Wastes as Fertilizers.--USDA needs data on the number of farms in 
each county on which manures are misused and the total dry tons of manure 
that are misused. It also needs to know the total amount of sewage sludge 
available, the tonnage that is high in heavy metals and where it is located, 
and the kind, extent, and location of soils with a high tolerance for heavy 
metals. Total available tonnage (dry) of other forms of organic wastes also 
needs to be determined, by county. 


Biomass as an Energy Source.--USDA needs to know the amount of crop residues 
that can be removed from the land for energy generation without causing 
long-term soil deterioration. It needs estimates by kind of soil for each 
crop in each major land resource area (MLRA) and county. USDA also needs to 
know the land available for production of biomass as a primary crop, by kind 
of soil, MLRA, and county. It needs to know the total acreage of noncropland 
that has the potential for biomass production, regardless of its current 
usage. The current usage of such noncropland needs to be determined. 


Energy from Alternative Sources.--USDA needs data by state on the amount of 
energy that might be developed by selected target years, from hydroelectric, 
solar, and wind power on an individual farm or small watershed basis. 


Legumes as a Source of Fertilizer.--USDA needs to know the acreage of crop- 
land in each of several classes of slope, by kind of soil, MLRA, and state. 


Methane from Manures.--USDA needs to know the number of farms that have the 
potential for producing methane from manures and the total amount of manure 
available, by county. 


Farm Scale and Mechanization.--It is possible that smaller scale farm units 
which are more efficient in energy usage will eventually prove to be most 
profitable. USDA should continue to study this possibility so that options 
related to that possibility are not overlooked. There is no doubt, for 
example, that modern farm machines and chemicals use more calories of energy 
than people or horses would use to do the same amount of work. The cost of 


people and the horses needed to do the work, however, is prohibitive in other 
respects. 
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Producing today's crops using 1918 technology would require 61 million horses 
and mules. Producing this number of work animals from the current number 
would require 20 years. Once we had the animals, we would have to feed them; 
this would require 180 million acres of cropland, almost half the cropland 
now in cultivation. The diversion of all these acres to feeding work animals 
would drastically reduce the supply of food here and abroad and would greatly 
increase food costs to consumers. Moreover, performing the additional hand 
labor needed would require approximately one-third the total working popu- 
lation in the United States, almost eight times the number of persons now 
employed in agriculture. These statistics illustrate the fact that what is 
appropriate at one time is out of tune with other times when conditions are 
different. Agriculture is a dynamic system that adjusts continuously to the 


circumstances. Higher energy costs lie ahead and will prompt adjustments in 
agriculture. 
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Section G-Potential Problem Area 7, Related Natural Resources 


Problem Statement 


Three significant issues in the use of soil, water, and related natural 
resources are not addressed in the other potential problem areas. These 
issues--organic waste management, recreation, and soil and water resource 
management in urban and urbanizing areas--are addressed in this section. 


First, modern agriculture produces great quantities of organic waste, often 
concentrated in such specific locations as feedlots and food processing 
plants. Urban areas produce such organic waste as sewage, septage, and 
refuse. Although some of this organic waste is returned to the land, much of 
it is dumped in waterways and oceans, and some is buried. Much of the waste 
that is presently discarded could be used to help improve soil tilth and 
fertility, and the cost of disposal would be less. 


Second, modern society is demanding more opportunities for recreation. 
Although recreational activities are generally incompatible with intensive 
crop and livestock production enterprises, rural nonfederal land and water 
must continue to provide a large share of the outdoor recreational oppor- 
tunities for a growing population. Satisfaction of these demands must be 
carefully integrated into our agricultural production system. 


Finally, activities in urban and urbanizing areas can significantly damage 
soil, water, and related natural resources. For example, sediment from urban 
construction activities often severely degrades water quality in streams and 
decreases storage capacity in lakes and downstream impoundments. Urban 
growth often removes the most productive farmland from cultivation, thereby 
increasing the intensity of use of the remaining farmland. 


In order to determine the significance of these problems, the U.S. Department 
of Agriculture reviewed a number of data sources. In analyzing the data, 
USDA compared probable future trends with attainable or desired conditions to 
determine where future soil and water conservation programs will be most 
needed. 


Scope 


USDA evaluated the scope of its opportunities for action in terms of soil and 
water resource management in urban and urbanizing areas, the use of organic 
wastes for improving soil tilth and fertility, and the impact of outdoor 
recreational demand on nonfederal lands in all parts of the country. These 
problems involve both public and private land. USDA decided to address these 
problems in a comprehensive manner because they can usually be handled by 
similar techniques or technology. 


Focus 


USDA will focus the programs directed at these problems on target areas; that 
is, it will concentrate either on geographic areas or on specific kinds of 
problems regardless of where they occur. The focus for some problems, such 
as erosion and sedimentation, may require both broad and targeted methods of 
controlling the problem. In the sense that it is broad, the USDA program 
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will provide general guidelines and methods to reduce erosion and sedi- 
mentation at construction sites. However, it will also designate critical 
sites that require specific treatment to serve as examples. 


The focus for a program for controlling soil stability may also require both 
broad and targeted methods. In the sense that it is broad, the USDA program 
will address soil stability problems over the entire United States. Then, it 
will use records of broad mappings of soil properties, such as soil surveys, 
and records of specific soil stability mappings, such as landslide mappings, 
to identify specific areas having soil stability problems. 


Results of the Analysis 


Organic Waste Management.--Of the 175 million dry tons of animal manure 
produced annually in the United States, about 90 percent is currently 
returned to the land. However, the potential for better management is high. 
For example, the amount of nitrogen in manure now applied to the land could 
be nearly doubled--from 800,000 tons to 1.4 million tons per year. 


About 23 percent of the Nation's sewage sludge and septage is spread on the 
land. The rest is held in storage lagoons, dumped in the ocean, burned, or 
placed in open dumps or landfills. However, open dumps and ocean dumping are 
being phased out, less land is available for storage lagoons, and more 
restrictions are being placed on incinerators and landfills. 


The United States generates about 4.4 million tons (dry weight) of sewage 
from municipal waste treatment plants and septage annually. The amount of 
these wastes will probably increase by 25 percent within 10 years. Because 
of this, USDA expects more solid waste to be spread on the land. Although 
the potential for using sludge and septage to improve soil tilth and fer- 
tility is high, maximum use of these wastes will involve relatively small 
acreages of the Nation's total cropland. Proper concern for hazards to human 
health must be considered in using these wastes to improve soil tilth and 
fertility. 


Most municipal refuse is taken to open dumps or sanitary landfills or is 
burned. Open dumps are being phased out as the use of sanitary landfills 
increases. Present trends indicate that by 1985 there will be nearly 198 
million tons of municipal refuse to dispose of annually. Because smaller 
communities generally do not use incinerators, the selection of suitable 
landfill sites is a particular problem in rural areas. Municipal refuse has 
low potential for improving soil tilth and fertility (USDA, 1978c). 


Other organic wastes that USDA knows can improve soil tilth and fertility are 
now being used almost to their maximum potential for this purpose. Of the 
nearly 70 million tons of wood manufacturing waste produced annually, more 
than 85 percent is used to make paper, chemicals, and other wood products. 
Most logging waste is scattered and left uncollected in the woods because the 
cost of collection is too high. Approximately 80 percent of food processing 
wastes are used for animal feed and are not directly available for improving 
soil tilth and fertility. 
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USDA will promote more efficient use of animal manure and increased use of 
sewage sludge and septage on the land. It will also give advice on the safe 
and efficient disposal of other organic wastes and municipal refuse through 
Sanitary landfills and other acceptable methods wherever it is impractical to 
use these wastes in improving soil tilth and fertility. 


Recreation.--Recreation is an important and growing land and water use. More 
people are demanding opportunities for outdoor recreation and will probably 
continue to do so. Meeting this demand will provide many benefits; at the 
same time, it will create a number of resource-related problems. 


Because of the absence of a well defined market system, procedures to be used 
in predicting future demands for outdoor recreation are developed from a 
combination of data sources. Because cooperation between the public and pri- 
vate sectors is needed to meet future demands for recreational opportunities 
on private and other nonfederal lands, USDA will use data from the National 
Association of Conservation Districts and its own recreation needs pro- 
jections to predict future private recreation needs. To meet recreational 
demands on private land, the Nation will also need to address the traditional 
resistance of many private landowners to public use of their land. Questions 
of liability, low returns, and possible property damage are often raised. 


As a part of the Nationwide Outdoor Recreation Plan, the Heritage Conser- 
vation and Recreation Service (HCRS) conducted the National Outdoor 
Recreation Survey to determine the outdoor recreational activities in which 
people participate, the frequency of participation, and the factors that 
influence participation. Using the HCRS survey as a basis, USDA recently 
completed a series of long-range estimates of recreation participation 
extending to 2030. These projections use the expected number of participants 
as an indicator of the future demand for facilities. For the 1980 RCA 
reports, USDA will analyze these estimates and other existing data to de- 
termine future recreation needs, by type and region; determine whether 
existing resources and programs meet projected needs; identify recreation 
resources not now fully used; and determine what resources or methods can be 
used to increase or improve recreational opportunities. 


USDA will closely coordinate its efforts for the 1985 RCA reports and develop 
appropriate data that it now lacks. In this way it will be able to better 
assess how, where, and to what extent its programs can meet the Nation's 
outdoor recreation needs and to analyze the effects of recreational 
activities on soil and water resources. 


Soil and Water Resource Management in Urban and Urbanizing Areas .--Urban 
areas and rural transportation land occupy about 94 million acres in the 
United States. Nearly 3 million acres are converted to built-up uses 
annually, including about 1 million acres of prime farmland and 875,000 acres 
of either wet soils or soils susceptible to flooding. 


Soil stability problems are significant in nearly every state. For example, 
a study by the California Division of Mines and Geology projects that between 
1970 and 2000, losses from landslides in California will cause nearly $10 
billion in property damage unless present soil management practices change 
(Alfors, Burnett, and Gay, 1973). Cracked foundations, disrupted utilities, 
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and damaged roads, bridges, and other structures all indicate soil stability 
problems. 


Soil erosion and sediment damage in developing areas are serious problems. 
How sediment affects water quality is discussed in potential problem area 2, 
Water Quality. Urban areas contribute 4 percent of the nonpoint source 
sediment (see "nonpoint source pollution" in the glossary) in the Nation's 
waters. Phase II of the National Resource Inventories on soil erosion will 
show the extent of soil erosion in urbanizing areas. Although such infor- 
mation is not presently available for the entire country, onsite analyses 
indicate that erosion on construction sites is about 3 percent of the 
Nation's total erosion. Where it occurs, however, this type of erosion can 
be the most serious erosion problem in the area. The initial problem usually 
lasts for only several months to a few years, but it can disturb the environ- 
ment for many years. Such damage is frequently offsite and may not directly 
affect the offender. 


A 10-year study of soil erosion in Montgomery County, Maryland (an urban 
area), showed erosion rates of 16.1 to 226 tons per hectare, or about 30 tons 
per acre on construction sites annually. Another study (CEQ, 1978) reported 
erosion of 185.2 tons of soil per acre annually from some construction sites 
in Connecticut. Preliminary data from phase II of the 1977 National Resource 
Inventories (NRI) (USDA, 1978d) for Oklahoma indicate that construction sites 
cause 3 percent of that State's total erosion of 152 million tons annually. 
An SCS study of the gently sloping watershed of the Little Calumet River in 
the Chicago area indicated an average annual erosion rate of 24 tons per acre 
from construction sites. Projections of these figures indicate nationwide 
erosion of about 140 million tons of soil from construction sites annually. 
About 56 million tons reach streams or other water bodies. State and 
national data summarizing erosion from construction sites will be available 
in early 1980. 


Wet soils and water management are problems in many urbanizing areas. For 
example, about 25 percent of new urban development around Columbus, Ohio, is 
on wet soils. Nationwide, about 28 million acres of urban areas are on wet 
soils. Related problems include wet basements, ineffective septic systems, 
poor conditions for lawns and gardens, and high maintenance costs for drive- 
ways and streets. Additionally, communities on wet soils frequently have 
mosquitos and other vectors. Wetlands converted to urban uses represent an 
estimated 175,000 acres yearly and are included in the estimated 875,000 
acres of wet soils converted annually to urban uses. 


There are 175 million acres of rural flood prone areas in the United States 
(USDA, 1978d). The Water Resources Council estimates that there are between 
35 and 5% million acres of urban flood prone land (USWRC, 1978b). If the 
same proportion of flood prone areas occurs on urban and built-up areas as on 
rural lands, over 11% million acres of urban land and rural transportation 
land would be in flood prone areas. An estimate by HUD places the figure at 
24 million acres of flood prone land within the corporate limits of urban 
areas (HUD, 1979), but this estimate includes significant amounts of un- 
developed land which would be classed as rural land in the 1977 NRI. 
Nationally, 21,000 communities of all sizes in both upstream and downstream 
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areas are subject to flooding that causes about $1.1 billion (1975 dollars) 


in damages annually. Of this amount, about $856 million occurs in downstream 
urban areas. 


Sound soil and water management in urbanizing areas requires a better under- 
standing of soil limitations and land use potential. Development should be 
avoided on soils with stability problems, flood prone areas, and wet soils. 
Where such soils are used, the limitations should be overcome before 
development. In addition, USDA policy encourages retention of prime farm- 
lands for agricultural use. 


Retention of prime farmland for agriculture is a national concern. It is 
estimated that of the 94 million acres of urban and urbanizing land, over 28 
million acres were formerly prime farmland. Nearly 1 million acres of prime 
farmland are currently being converted to other uses annually. 


Alternative Objective Levels 


USDA examined three alternative objective levels for this potential problem 
area. Objective level 1 would be designed to solve most of the problems 
discussed in this section. USDA would attempt not only to define related 
resources problems but also to initiate new programs to solve them. Ob- 
jective level 2 would be designed to solve many identified problems, but with 
limited new actions. It would, however, include substantial efforts to 
search out related resources problems and define them quantitatively. 
Objective level 3 would be designed to solve only extreme problems and to use 
existing USDA programs. 


Objective Level 1.--Under objective level 1, USDA would seek to add 61 mil- 
lion dry tons of the 374 million tons of organic wastes presently not being 
used to improve soil tilth and fertility to the 456 million tons now being 
used on the land. It also would try to increase the present efficiency of 
use of nitrogen in animal wastes from 39 percent to 55 percent and to 
increase the value of organic wastes applied to the land by $60 million 
annually. This represents high efficiency with present management tech- 
nology. 


Maximum feasible use of animal wastes and crop residue to improve soil tilth 
and fertility (an estimated 75 percent of all organic residues considered) 
would increase nitrogen values by $208.8 million. The total value of manure 
used in improving soil fertility could be increased from $1.02 billion to 
$1.53 billion with improved management. Quantification of soil tilth values 
is difficult. Objective level 1, therefore, would seek to establish long 
range values of organic wastes for this purpose. See figure 3G=), 


Recreation lands are projected to increase by nearly 1 million acres 
annually. Objective level 1 would require all lands developed for recreation 
use-.to meet soil loss standards for water quality or soil loss tolerance 
values (see "Universal Soil Loss Equation," chapter 7, section A), whichever 
are less. Existing land used for recreational purposes would be adequately 
treated to meet soil loss tolerance values. Landowners would receive con- 
servation planning assistance to ensure proper soil and water management on 
lands used for recreational purposes. See figure 36-2. 
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Quantification of objectives for soil and water management in urban and 
urbanizing areas must include both the onsite and offsite effects of 
flooding, erosion, and wet soils. In 1975, in addition to urban damages 
cited in potential problem area 5, Upstream Flood Damages, urban flooding in 
downstream areas caused damages estimated at $856 million. Such damage is 
projected to reach $1,259 million annually by 2000. Total urban damages from 
flooding in 1975 exceeded $1.1 billion. Upstream urban damages are not 
directly addressed in this section because they are covered in potential 
problem area 5, Upstream Flood Damages. However, a program that addressed 
downstream flooding would also provide direct and indirect benefits in up- 
stream areas. Under objective level 1, USDA would seek to contain flood 
damage in urban areas to 1975 levels. 


Problems associated with wet soils would be addressed by overcoming limita- 
tions on all wet soils as they are converted to urban uses. USDA would try 
to minimize this conversion. Where wet soils are being converted, attempts 
should be made to overcome the limitations in an environmentally defensible 
manner. No wetlands would be converted to urban uses. 


Erosion from urban areas is largely caused by construction. Construction 
site erosion, currently estimated at about 140 million tons annually, would 
be limited to amounts permissible to reach water quality objectives or soil 
loss tolerance values (see "Universal Soil Loss Equation," chapter 7, section 
A), whichever are less. 


USDA would seek to preserve prime farmland for agricultural purposes. Nearly 
1 million acres of prime farmland are being converted to urban uses annually. 
Although projections to the year 2000 indicate an average loss of 540,000 
acres of prime farmland annually, USDA considers this an unacceptably high 
rate. Over 22 million acres of prime farmland would be converted over the 
next 50 years. Objective level 1 would limit conversion to 50 percent of 
this total, or 11 million acres, by retaining prime farmlands for agri- 
cultural purposes wherever other lands are available for the proposed use. 
This objective level would be based on limiting conversion of prime farmland 
consistent with the current USDA policy on land use. See figure 3G-3. 


Objective level 2.--Objective level 2 would be met by applying to the soil 50 
percent of those unused organic residues having potential for improving soil 
tilth and fertility. The efficiency of nitrogen recovery through more ef- 
fective management would increase from 39 percent to 49 percent (65 percent 
of the goal specified for objective level 1). 


Recreational lands at objective level 2 would be protected from erosion at 50 
percent of the levels specified for objective level 1. New recreational 
lands converted from other uses would be treated at 75 percent of the levels 
specified for objective level 1. USDA will provide conservation planning 
assistance at 56 percent of demand projections. 


Soil and water management at objective level 2 would seek to limit flood 
damages to 40 percent of projected increases and to overcome limiting condi- 
tions on wet soils on at least 50 percent of the soils converted to urban 
uses. Sediment delivery from construction sites, now estimated at 56 million 
tons annually, would be reduced to 28 million tons. 


3-284 


3.00 


nN 
S 
ro) 


Potential 






Billion Dollars 


1.00 cman ces ce es ee ee ee 


Current Utilization 
Figure 3G-1.--Organic waste 


nutrient value. 
1977 2000 2030 


160 Projected Demand 


Existing Enterprises 
va 


Enterprises in Thousands 


Figure 3G-2.--Recreation 
enterprises. 





1977 2000 2030 


Projected 


Objectives 


Million Acres 


Already Converted 


1977 Condition 
24,200,000 Acres 


Figure 3G-3.-—-Prime farmland 
converted to urban land. 





1977 2000 2030 


3-285 


Objective level 2 would limit conversion of prime farmland at 50 percent of 
the level set for objective level 1. Conversion would be held to 16% million 
acres over the next 50 years. 


Objective level 3.--Organic waste management goals at objective level 3 would 
increase the amount of organic wastes used for tilth and fertility to 20 
percent of the levels set for objective level 1. Nitrogen recovery effi- 
ciency values would increase to 47 percent (50 percent of the goal set for 
objective level 1). 


Recreation lands under objective level 3 would be treated at 25 percent of 
the levels set for objective level 1. Recreation lands converted from other 
uses would be treated at 50 percent of the levels set for objective level 1. 
USDA would provide conservation planning for recreational developments at 37 
percent of projected demand. Conversion of prime farmland would be held to 
90 percent of unconstrained projections, or to 20 million acres. 


Recommendations for Future Analysis 


USDA should conduct additional research and data collection activities in 
several areas before it develops its 1985 soil and water conservation pro- 
gram. Among these areas are: 


fe) The true value of organic waste in improving soil tilth and fer- 
tility. This value has not been adequately demonstrated. USDA should search 
existing literature and incorporate the results of current and future 
research into its analysis. In this way it can develop an adequate picture 
of the costs and potential effects of large scale use of organic wastes on 
soil. 


fo) The magnitude and extent of erosion from urban construction sites. 
USDA should more comprehensively analyze these effects and develop the full 
costs and benefits of adequate precautionary treatment. 


re) The effects of recreational activities on resources. USDA should 
develop, test, and use better market-oriented recreation demand models to 
provide more meaningful estimates of the demands recreation will place on 
nonfederal soil, water, and related resources. 


O The effects of conversion of prime farmland to nonagricultural 
uses. USDA should more thoroughly investigate and analyze these effects. 
Much of this work will probably be accomplished during the National Agri- 
cultural Lands Study, now underway. 
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Chapter 4 - Landownership 


Meeting the goals of the Soil and Water Resources Conservation Act of 1977 
will require the cooperation of landowners and land users (operators). The 
characteristics of owners and their leasing arrangements affect their aware- 
ness of the need for conservation and their ability to participate in conser- 
vation programs. Thus, knowledge about who owns the land and how it is 
operated is essential in developing resource conservation programs. Ownership 
factors that impede or promote soil conservation include the age, education, 
occupation, and financial resources of the owner, the type of proprietary 
arrangement, and the tenure arrangement for using the land (Held and Clawson, 
1965). Also, the degree to which a conservation program is equitable is 
affected by the distribution of ownership of land in various uses (Boxley and 
Anderson, 1973). 


Despite the need for ownership information in planning and implementing 
alternative conservation strategies, up to now few data have been available 
on the ownership of the 2.3 billion acres of land in the United States. The 
extent of public ownership of the land has been documented, but little has 
been known about the ownership of the remaining 58 percent (fig. 4-1). The 
Census of Agriculture focuses on operators (not owners) and only on farmland. 
Other surveys and inventories also have been specialized; they have focused, 
for example, on housing, taxation, or limited geographic areas. 


To meet the need for information on landownership, the Economics, Statistics, 
and Cooperatives Service (ESCS) of the U.S. Department of Agriculture con- 
ducted a survey of private landowners in 1978 (USDA, 1979). The survey 
obtained information from 37,000 individuals, partnerships, and corporations 
representing about 28.8 million owners of 1.25 billion acres of privately 
held land in the United States. The 1.25 billion acre figure for all pri- 
vately held land was 66 million acres less than an earlier ESCS estimate. 
This other estimate--roughly 1.3 billion acres--was arrived at by subtracting 
the acreage in federal, state, local governmental, and Indian holdings from 
the 2.3 billion acres of land in the United States (Frey, Summary for 1974). 
Data were obtained on ownership arrangements, acreage owned, land values, 
operating arrangements, and conservation investments for all privately owned 
land in the conterminous 48 states and Hawaii. Land in Alaska, Puerto Rico, 
and the Virgin Islands was not included in the survey. In this chapter only, 
land in Hawaii was included in the national totals but does not appear in any 
of the regional tables. In all other parts of the RCA reports, land in 
Hawaii was not considered a part of the Pacific Farm Production Region. Some 
variation occurs between certain statistics cited in this chapter and those 
appearing elsewhere in the Appraisal. This results from the use of different 
definitions and terminology by different government agencies. 


ESCS also obtained data on such personal characteristics as the age, sex, and 
education of all private landowners. If the owner was not the sole pro- 
prietor (a single individual), the survey recorded the characteristics of the 
person who made the most decisions about the land. Corporations, unsettled 
estates, and institutions were excluded from this part of the survey. 






Federal 34% Private 58% 


State and 
Local 6% 


Indian Tribes 
and Individuals 2% 


2.3 Bil. Acres 


rr 


Figure 4-1.--Classes of land in the United States by ownership, 1974. 
(USDA. 1979. Agriculture Handbook No. 561) 
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Preliminary data from the landownership survey are useful in evaluating 
conservation strategies proposed under the Resources Conservation Act. 
Additional data from the landownership survey and complementary surveys on 
resource investment will be available for the annual reports to Congress and 
the 1985 RCA Appraisal and program development. 


Ownership Data 


A landowner (ownership unit) may be an individual, a group of individuals, or 
a legal entity such as a trust or corporation. More than 91 percent of the 
nonpublic owners of land in the United States own land primarily as sole 
proprietors or as married couples (fig. 4-2). These two groups own over 68 
percent of all private land (table 4-1) and nearly 74 percent of the land on 
farms and ranches (table 4-2). Land on farms and ranches includes cropland, 
pastureland, rangeland, woodland, farmsteads, and other land. 


There is considerable regional variation in the proportion of land owned by 
people in these two groups (table 4-1). For example, in the Pacific Region 
sole proprietors and couples own less than 50 percent of private land, where- 
as in the Corn Belt and Lake States Regions these two groups own more than 80 
percent. More than 95 percent of the private landowners are sole proprietors 
and family groups, including couples, family partnerships, and family cor- 
porations. They own more than 89 percent of all private land and 92 percent 
of the land on farms and ranches. Nonfamily partnerships and nonfamily 
corporations, approximately 3 percent of the landowners, own about 12 percent 
of the private land. Again, regional variations are considerable. Only 2 
percent of the private land in the Northern Plains Region is held by non- 
family groups, whereas 29 percent is held by nonfamily partnerships and 
corporations in the Pacific Region. 


Ownership of private land is concentrated. In figure 4-3 the diagonal line 
represents completely equal distribution of private land among the Nation's 
landowners. For example, at the midpoint on the diagonal, 50 percent of the 
owners would hold 50 percent of the land. In fact, however, three-quarters 
of the landowners hold only 3 percent of the land. Less than one-half of 1 
percent of the owners hold 40 percent of the private land. The large 
regional variation in the concentration of landownership shows some asso- 
Ciation with type of ownership. Ownership is less concentrated where more 
sole proprietors and couples and fewer nonfamily owners hold the land. 
Ownership of land on farms and ranches (table 4-3) is less concentrated 
nationally and regionally than ownership of all private land (fig. 4-3 and 
table 4-4). 


Foreign citizens control only a fraction of 1 percent of the land in the 
United States. The U.S. Department of Commerce (1976) estimated how much 
land was owned by enterprises that are under 10 percent or greater foreign 
control. These enterprises owned only 4.9 million acres, or 0.4 percent of 
the Nation's private land (USDC, 1976; Wunderlich, 1976). The 1978 ESCS 
landownership survey estimates that foreigners who make the major decisions 
concerning the land own 1 million acres of noncorporate private land. No 
information on foreign interest in the 183 million acres of corporate land is 
available from the ESCS survey. 
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*Land on farms and ranches includes cropland, pastureland, woodland, wasteland, 
and farmsteads. 


Figure 4-3.--Distribution of private landownership in the United States, 
excluding Alaska, 1978. (1978 ESCS landownership survey) 


weg 


Table 4-3.--Regional concentration of ownership of land on farms and ranches 
in the United States (excluding Alaska), 1978 


pe 


Percentage of land held by-- 





Farm production Top 5 percent of Top 1 percent of 

region owners owners 
Northeast--------------- 33 14 
Lake States------------- 25 8 
Bee Ot oo a ha val 9 
Northern Plains--------- 32 15 
Appa lachian———-==——-~-—== 38 16 
Southeast =-<=~—--===-———— 46 23 
Delta States--~------<=- 45 21 
Southern Plains--------- 50 29 
Mountain<<----~---<<------ 66 34 
| SRE OG Ba SE IO ea 70 41 

dey ee Sa eee ia on 29 


Source: 1978 ESCS landownership survey. 


Table 4-4.--Regional concentration of ownership of private land in the 
United States (excluding Alaska), 1978 


Percentage of land held by -- 


Farm production Top 5 percent of Top 1 percent of 
region owners owners 
Northeast--------------- 73 42 
Lake States------------- 53 23 
Corn Belt--------------- 52 21 
Northern Plains--------- 45 20 
Appalachian------------- 64 34 
Southeast--------------- 79 53 
Delta States------------ Ti 45 
Southern Plains--------- 70 45 
Mountain---------------- 91 65 
Pacific----------------- 88 71 
Total-------------- 75 48 


Source: 1978 ESCS landownership survey. 
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Although 52 percent of the adult population is female, women are the major 
decisionmakers for only 17 percent of the ownership units and control only 16 
percent of the private noncorporate land (table 4-5). Although housewives 
make up 19 percent of the adult population in the United States, they are the 
major decisionmakers for only 4 percent of the private noncorporate land 
(table 4-6). Men are the major decisionmakers for 83 percent of the noncor- 
porate ownership units and 84 percent of the noncorporate land. Male owner- 


a is most preponderant in the Mountain and Lake States Regions (table 
ma) Be 


Table 4-5.--Distribution of ownership of private noncorporate land 
in the United States (excluding Alaska) by sex, 1978 


SSS SS eS ee ee eee ae ee 


Ownership units 


Sex Adult population 1/ (landowners) 2/ Acres owned Zh 
(Percentage) 
Female-------- Dz W 16 
Hale@-sen ee =— = 48 83 84 


1/ Noninstitutional population 16 years and older (U.S. Department 
of Labor, 1979). 
2/ 1978 ESCS landownership survey. 


The racial categories used in the ESCS landownership survey are not totally 
comparable to the categories used in other data sources. In the ESCS study, 
Hispanics--both black and white--are classed as an exclusive group. In U.S. 
Department of Commerce and Department of Labor surveys, Hispanics are not 
classed as a mutually exclusive group from blacks and whites. However, 
general comparisons are possible. Whites--Hispanic and non-Hispanic--account 
for 88 percent of the adult population, but white non-Hispanics own 98 per- 
cent of all noncorporate private land. Nonwhites--blacks (Hispanic and 
non-Hispanic), native Americans, Asians, etc.--make up 12 percent of the 
population of the United States, but nonwhites (including all Hispanics) own 
less than 3 percent of the land in the United States. Most black non-Hispanic 
ownership is in the Delta States, Southeast, and Appalachian Regions (table 
4-8). Most of the Hispanic ownership is in the West. 


Farmers, farm managers, and farm laborers, who make up less than 2 percent of 
the adult population, own 47 percent of all noncorporate land (table 4-6) and 
56 percent of the land on farms and ranches (table 4-9). Retired people own 
the next largest proportion of land--18 percent. Farmers, retired people and 
corporations own approximately 70 percent of both private land and land on 
farms and ranches in the United States. The proportion of land on farms and 
ranches that farmers own and of all land that farmers own is highest in the 
Mountain Region and lowest in the Northeast, Appalachian, Southeast, and 
Delta States Regions (tables 4-9 and 4-10). Tenure arrangement, the land 
market, and the age, education, and resources of the owner may affect the 
perception of conservation problems and the willingness and ability to re- 
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Table 4-6.--Ownership of private noncorporate land in the United States 
(excluding Alaska) by occupation, 1978 


Adult population 1/ Ownership units 2/ Acres owned 2/ 


Employment Millions Percent- Millions Percent- Millions Percent- 
class of people age of people age of people age 


Farmers and farm 


Managers~------- e5 1 Zee 8 489 .6 47 
Farm laborers and 

supervisors---- Tes 1 | (3/) 3.0 (3/) 
Professional and 

technical------ 1432 9 2.6 10 60.1 6 
Managers and 

administrators 

(nonfarm) ------ 1071 6 Dal 8 567 5 
Sales workers---- 6.0 4 5 5 oy 3 
Clerical workers- 16.9 10 .9 3 13.0 1 
Craftsmen-------- 12.4 8 4.0 15 44.3 4 
Operative, in- 

cluding 

transport------ 14.4 9 2.0 y 30.0 3 
Nonfarm laborers- 4.7 3 1.1 4 18.4 Z 
Service workers-- 12.8 8 4 1 6.3 q 
Military--------- 21 1 '2 1 133 (3/) 
Housewives------- 30.0 19 1.4 4 B74 4 
Retired 4/ cocc--- 13.0 8 6.1 22 184.3 18 
OUNE Gs a5 (eno 21.6 13 3.0 11 74.7 7 

Total feat 161.1 100 2725 100 1,046.6 100 


1/ Noninstitutional population 16 years and older (U.S. Department 
of Labor, 1979). 
2/ 1978 ESCS landownership survey. 
3/ Less than 0.6 percent. 

4/ Estimated. 

5/ Includes unemployed and those not seeking employment for such 
reasons as school or health. 

6/ May not total because figures are rounded. 
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Table 4-7.--Regional distribution of ownership of private noncorporate land 
in the United States (excluding Alaska) by sex, 1978 





Farm production region Male Female 
(Percentage of acres) 
Northeast------------- 87.4 1226 
Lake States----------- 90.1 9.9 
Corn Belt------------- 82.9 7d 
Northern Plains------- 83.0 Le) 
Rppatachian=-----—----- 82:1 17.9 
Southeast------------- 80.3 19.7 
Delta States---------- 80.0 20.0 
Southern Plains------- 80.8 19.2 
Mountain-------------- 90.9 Gat 
Pacific--------------- 86.1 13.9 
Total------------ 84.5 15:25 


Source: 1978 ESCS landownership survey. 
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Table 4-9.--Regional distribution of ownership of private noncorporate land on 
farms and ranches in the United States (excluding Alaska) by occupation, 1978 





Farm production White Blue 
region Farmers 1/ collar collar 2/ Retired Other Total 


(Percentage of acres) 





Northeast=----------- 44.7 19.2 16.2 16.1 3.8 100.0 
Lake States---------- 59.3 9.9 1267 1555 2.6 100.0 
Corn’ Belt------------ 48.0 13.8 10.4 22.6 bie? 100.0 
Northern Plains------ 64.9 9.2 Se2 17-4 Bry S: 100.0 
Appalachian-------=--- B720 19.1 16.0 22.9 5.0 100.0 
BouCcheast<-———-~=-=<5 3075 20.6 1335 23.6 5.8 100.0 
Delta States--------- 41.1 17 12.9 2313 4.7 100.0 
Southern Plains------ 5228 20 a 6.4 16.0 Aad 100.0 
Mountain------------- Vie5 8.2 Be6 we Bir2 100.0 
Pacific-------------- 58.6 14.9 6.5 <3 Zh 100.0 

ee ee 56.4 14.1 862 ASO 4.3 100.0 

1/ Including farm managers and farm laborers. 

2/ Including private household and service workers. 

Source: 1978 ESCS landownership survey. 
Table 4-10.--Regional distribution of ownership of all private noncorporate 

land in the United States (excluding Alaska) by occupation, 1978 

Farm production White Blue 

region Farmers 1/ collar collar 2/ Retired Other Total 

(Percentage of acres) 
Nortneast=-—>--=>>--> 28.0 2385 20.1 17e3 Te 100.0 
Lakevotates---=+-=--- 46.7 12e¢7 14.8 T6HS 9.0 100.0 
Corn ‘Belt=--=--~------ 41.4 ISt7 HES ideal 1 100.0 
Northern Plains------ 59.8 8.4 324 18.2 LOG 100.0 
Appalachian---------- 30.3 18.8 16i57 2351 rg eal 100.0 
Southeast------------ 27.6 Zone iPAws) 23.4 14.2 100.0 
Derca ocates----=----- 32.3 1720 Ue ge Zoe 14.0 100.0 
Southern Plains------ 47-2 18.9 6 1593 1293 100.0 
Mountain------------- 1046 8.9 4.3 789 St3 100.0 
Pacaive=<<----------- 46.1 18.9 8.1 UW ESY 9n2 100.0 
Total------------ aaa TA <eplSiD Glen o2 SOAS 11. Omenesl Oe 8a e310050 


1/ Including farm managers and farm laborers. 
2/ Including private household and service workers. 
Source: 1978 ESCS landownership survey. 
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spond with conservation measures. Such factors compound the problem created 
by the time lag between cash outlays for conservation work and realization of 
the returns. 


Nonowner operation can be a major stumbling block to adoption of conservation 
measures. Tenancy requires the concurrence of at least two decisionmakers on 
the appropriateness of conservation measures and the equitable shares of 
costs and benefits of the measures. Tenancy shortens the planning horizon. 
Lands operated under a complex tenure system are vulnerable to the problems 
that tenancy presents for soil and water conservation. The user of the land 
is often not the owner. Almost 10 percent of landowners rent property to 
others (table 4-11). Almost a quarter of all privately owned land is rented 
out to others. A little over 400 million acres, close to two-fifths of all 
land on farms and ranches, is operated by someone other than the owner. 


Held and Clawson (1965) have suggested that 15 years is the practical upper 
limit of a farmer's planning horizon. According to the ESCS landownership 
survey, there is almost a 50 percent chance that a piece of land will be sold 
during a 15-year period. Unfortunately, studies indicate that the real 
estate market will place relatively little value on the land's conservation 
status (Held and Clawson, 1965). More than 50 percent of the private land 
has changed ownership at least once since 1960 (fig. 4-4). Almost 30 percent 
was acquired by the present owners between 1970 and 1978. Preliminary data 
from a special ESCS survey of buyers and sellers of land show that 18 percent 
of landowners in the United States bought land during the period 1975-77. 
The results of this survey, including information on the uses of land before 
and after sale and the owner's characteristics, will be available shortly. 
Evidence of changing ownership patterns may indicate the need for changes in 
conservation strategies. 


A disproportionate amount of land is held by older people. Individuals 65 
years and older control 31 percent of the private noncorporate land (table 
4-12). Those in the 55-64 age bracket own 26 percent of the private non- 
corporate land. 


Less educated landowners may be less familiar with the benefits of technical 
innovations and, thus, more likely to resist changes in land management 
practices. The educational level of owners, however, is not related to the 
extent of land holdings. Land held by individuals with 8 years or less of 
schooling is equal to that held by those with at least 4 years of college 
(fig. 4-5). About 32 percent of the private noncorporate landowners are 
persons with less than a high school education, and they control roughly 32 
percent of the land. 


Another factor that may affect adoption of land and water conservation mea- 
sures is limitation of property rights. Mineral, water, and airspace rights 
may be assigned separately. Land may be subject to easements--for example, 
for utility lines--or to restrictive covenants. In the future, development 
rights may become a common separate right. Nine percent of the owners who 
responded to the ESCS survey hold land whose control is complicated by sep- 
aration of oil, gas, or other rights (table 4-13). Eleven percent hold land 
that has major easements, such as a waterway or major utility. 
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Table 4-11.--Tenure arrangements of private landowners in the 
United States (excluding Alaska), 1978 





Ownership units 


Tenure (landowners ) Acres owned 

(Percentage) (Percentage) 
SL eOwoereODCLALOT. | /——--—<===———-—— 8 28 
Full-owner operator landlord 2/------ 1 6 
perecowier operator 3/=---=<=—--------- <) 21 
Part-owner operator landlord 4/------ (5/) 2 
Remstre OWE (60) no eee 3 1 
ee ef a 78 iy 
BecuvetacLotrs Laldlord: 8 /----=—-----<->= 7] oS 
Total q---- nnn nnn nnn nen enn nnn 100 100 


LZ Owner who farms only the land that he owns and who rents no land to 
others. 

2/ Owner who farms only the land that he owns and who also rents land 
to others. 

3/ Owner who farms the land that he owns and some land that is rented 
from others, but who rents no land to others. 

4/ Owner who farms the land that he owns and some land that he rents 
from others, but who also rents land to others. 

5/ Less than 0.6 percent. 

6/ Owner who farms only land rented from others. 

7/ Owner who does not farm any land and who does not rent any land 
to others. 

8/ Owner who does not farm any land, but who rents land to others. 

Source: 1978 ESCS landownership survey. 


4-15 


Time Period 


1970-1978 
¥ 


1960-1969 


1950-1959 
1940-1949 


Before 1940 


Figure 4-4.--Percentage of land acquisition in the United States, exclud- 
ing Alaska, from before 1940 through 1978. (1978 ESCS landownership survey) 
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Table 4-12.--Distribution of population and ownership of private noncorporate 
land in the United States (excluding Alaska) for persons 16 years 
and older, 1978 


Adult Ownership units 
Age population 1/ (landowners) 2/ Acres owned 2/ 


Millions Percentage Millions Percentage Millions Percentage 


18-24------- Pa | 19 0.1 (3/) 4.3 (37) 
25-34------- Bory 22 378 15 54.5 6 
35-44------- 24e2 16 4.5 18 135.4 14 
45-54------- 23.0 15 526 25 228.3 24 
55-64------- 20.4 23 53 21 250.3 26 
65 and over- 22.8 15 bed: 23 299.9 31 
Total 4/- 152.7 100 25.0 100 9/227 100.0 


1/ Noninstitutional population 16 years and older (U.S. Department 
of Labor, 1979). 

2/ 1978 ESCS landownership survey. 

3/ Less than 0.6 percent. 

4/ May not total due to rounding of figures. 


Level of Education 


100 100 





16 or More Years 


13-15 Years 


9-11 Years 


8 Years or Less 


Figure 4-5.-—-Ownership of private noncorporate land by educational status 
in the United States, excluding Alaska, 1978. (1978 ESCS landownership 
survey ) 
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Property taxes can have both a positive and negative influence on conser- 
vation investment. Three percent of United States landowners are in programs 
that permit a lower assessed valuation of land in agricultural or open space 


use (table 4-13). These special assessments result in lower taxes and may 
help reduce cash flow problems. 


Table 4-13.--Possible limitations on adoption of conservation measures in 
the United States (excluding Alaska), 1978 


Ownership unit (landowner) response 


Don't No 
Limitation Tes No know response Total 

Special tax assessment for 

land in agricultural or open 

Sn Cen Gee. e == — = 6 — = = == = 255 © 823,85) 2,630 (3425 ble 
Some property rights held by 

Dine Gel ye oom mn 2,397 22,804 OT 185 el 430 825 Gae 
Land subject to major 

easement s------------------- 3,040.—..22,915 1200 DRE, COLM 255 cee 


1/ Examples of such rights are water, mineral, and airspace rights. 
Source: 1978 ESCS landownership survey. 
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Chapter 5 - Federal and Nonfederal Contributions to 
Soil and Water Conservation 


Section A-USDA Soil and Water Conservation Programs and Funding 


The Department of Agriculture administers many soil and water conservation 
programs. There are programs to inventory resources; inform the public about 
soil and water conservation; identify and locate conservation problems; 
research, plan, and design solutions; and establish institutional arrange- 
ments for action. USDA programs provide cost sharing, loans, and onsite 
technical assistance in conservation planning and implementation. 


USDA agencies conservation administering conservation programs for nonfederal 
lands are the Soil Conservation Service (SCS); the Forest Service (FS); the 
Science and Education Administration (SEA); the Economics, Statistics, and 
Cooperatives Service (ESCS); the Agricultural Stabilization and Conservation 
Service (ASCS); and the Farmers Home Administration (FmHA). SEA funds two 
cooperative efforts at the state level--the Cooperative Extension Service 
(CES) and the State Agricultural Experiment Stations (AES). The Forest 
Service funds some of the activities of state foresters who provide as- 
sistance on nonfederal forest lands. Each agency develops and manages those 
programs assigned to it by Congress or the Secretary of Agriculture. 


Three agencies administer conservation research programs. SEA conducts 
in-house research through its Agricultural Research branch and supports state 
AES research through its Cooperative Research branch. The Forest Service's 
research data on forest and range are available to land users through federal 
channels and state foresters and other state sources. Economic studies and 
models by ESCS also help in solving conservation problems. 


SCS, FS, and ESCS conduct natural resource inventories, monitor the condition 
of resources, and analyze resource statistics. They provide such information 
as soil surveys and interpretations; data on land use, water supplies, and 
erosion; and information on range conditions. They also classify forest 
sites and develop and promote conservation plants for special sites. These 
agencies primarily collect data at the national, regional, and state levels 
for use in planning specific programs, but they also offer information on 
specific sites to aid local conservation work. 


The Cooperative Extension Service (CES) publicizes research results and 
recommendations to help solve local problems in all phases of agriculture. 
CES directs less than 5 percent of its resources, however, toward soil and 
water conservation. Therefore, other agencies supplement CES efforts with 
their own information programs aimed at the clienteles for their programs. 


USDA also relies on local organizations like soil conservation districts, 
extension associations, and county ASCS committees to create public awareness 
of conservation needs and outline courses of action. The landowner must seek 
assistance on the basis of information available from these sources. 


USDA provides technical assistance for planning soil and water conservation 
to units of state and local government, private organizations, corporations, 
and individual land users. Planning grants to local entities are sometimes 


available from sources other than USDA. ESCS, FS, and SCS conduct Coopera- 
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tive River Basin Planning; and all USDA agencies assist state and local 
governments with Resource Conservation and Development (RC&D) activities. 
State foresters, with Forest Service assistance, provide woodland owners with 
help in onsite planning for forest management. 


The technical assistance that SCS provides consists of resource inventories 
and surveys with interpretations, alternative solutions to soil and water 
conservation problems that will meet a land user's objectives, and detailed 
design and cost data for the solution selected by the land user. SCS pro- 
vides technical assistance on soil and water conservation to FmHA and Federal 
Crop Insurance Corporation (FCIC) clients in accordance with memoranda of 
understanding with those agencies. 


SCS, state foresters, and, in some areas, technicians on the payroll of state 
and local agencies provide technical assistance to help land users implement 
soil and water conservation plans. SCS also provides onsite technical 
assistance to land users to help them implement conservation plans under 
other programs. This onsite assistance includes designing practices, super- 
vising construction, and certifying completion in accordance with standards 
and specifications. 


USDA offers loans or cost sharing directly to land users and to units of 
government sponsoring soil and water conservation activities. The cost 
sharing is limited to out-of-pocket expenses. The cost-sharing rate varies. 
Cost sharing and grants are available for conservation practices under four 
programs administered by ASCS: the Agricultural Conservation Program, the 
Water Bank Program, the Forestry Incentives Program, and the Emergency Con- 
servation Program. SCS administers six programs that provide cost sharing: 
the Watershed Protection Program, the Emergency Watershed Protection Program, 
the Flood Prevention Program, the RC&D Program, the Great Plains Conservation 
Program, and the Rural Abandoned Mine Program. 


Individuals and associations may borrow money from FmHA to finance conser- 
vation activities. Generally, the borrower must have adequate security and 
be unable to secure financing from other sources. Units of government spon- 
soring watershed projects or RC&D measures may also borrow from FmHA. 


For a more complete listing of USDA conservation programs and their legal 
authorities, see chapter 8, Federal Laws, RCA Appraisal, Part I. That 
chapter presents these programs and laws by subject area, for example, river 
basins, watershed protection, and forestry. 


Federal Funding of Conservation Programs 


Table 5A-1 shows the funding for USDA soil and water conservation programs 
for fiscal years 1977 and 1978. It gives obligated funds (those committed in 
that year for expenditure) and the number of staff-years devoted to each 
program. 


The table also contains 2-year average figures. It should be noted that the 
information in this table has been provided directly by the USDA agencies and 
is limited to soil and water conservation programs. All or at least part of 
the federal outlays are listed in Budget Circular A-84. Table 5A-2 shows 
agency estimates of how their programs affect each of the seven potential 
problem areas (see chapter 3). 
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Section B-Nonfederal Contributions to Conservation Programs 


This section discusses nonfederal sources of money and manpower for soil, 
water, and related conservation programs, particularly those concerned with 
environmental demands and production of food and fiber. Data on state and 
local contributions to such programs are scarce. In fact, much of the infor- 
mation in this section is based on estimates by state and local sources. 


Conservation Districts 


Conservation districts are legal subdivisions of state government. They are 
mandated by law to develop and carry out soil and water conservation pro- 
grams. Benefits of federal soil conservation programs are delivered pri- 
marily through conservation districts. 


State soil conservation agencies (committees, boards, or commissions) are 
state government agencies that advise and supervise conservation districts. 
These agencies also serve as the principal official contact between conser- 
vation districts and the state legislature and governor's office. 


Table 5B-1 shows the numbers of conservation district employees paid with 
state and local funds, by state, as of January 1979. 


State and Local Funding for Conservation Programs 


State and local governments are showing increasing interest in conserving 
soil and water. They have voluntarily increased funding to accelerate 
existing conservation programs that are primarily federally funded. 


The number of federal employees involved in soil and water conservation 
programs has declined over the past decade. However, the number of employees 
paid with state and local funds has increased to more than offset this de- 
cline. This increase indicates that state and local governments see the 
need for applied conservation. 


The Soil Conservation Service (SCS) reports annually on nonfederal funds and 
services contributed to conservation programs and on funds appropriated by 
state and local governments for conservation programs and soil surveys. Such 
contributions, which have increased steadily over the years, significantly 
increase the amount of conservation work done. SCS district conservationists 
prepare these reports from other available reports, records and agreements, 
and routine contacts with representatives of governments and organizations. 
They collect the information informally and, if necessary, use estimates. 
The state office supplements the district report and forwards the complete 
report to the national office. 


Tables 5B-2 and 5B-3 show the nonfederal contributions of funds and services 
to soil and water conservation district programs in each state in fiscal 
years. 1968 and 1978, respectively. Note that during the 10-year period, 
state and local contributions more than doubled, from $95 million to $212 
million. Funds and services provided to Resource Conservation and Devel- 
opment (RC&D) projects in 1968 are included in the "all other" column in 
table 5B-2. "Conservation practice design and layout" and "conservation 
practice application" are shown separately for fiscal year 1978 (table 5B-3); 
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for fiscal year 1968, however, all such contributions are listed together 
under "Conservation practice design and layout" (table 5B-2). Funds and 
services for all purposes other than watershed protection and flood control 
increased by as much as three times during the period. 


Tables 5B-4 and 5B-5 show the sources of nonfederal contributions of funds 
and services to soil and water conservation programs in fiscal years 1968 and 
1978, respectively. All three sources--state governments, local governments, 
and private individuals and organizations--contributed nearly equally and at 
least doubled their contributions. 


Tables 5B-6 and 5B-7 show funds appropriated by state and local governments 
for conservation programs in fiscal years 1968 and 1978, respectively. The 
1968 figures show only state funds, but those for 1978 also include locally 
appropriated funds. Again, it is evident that state and local funding of 
conservation programs has expanded. 


State and Locally Administered Cost-Sharing Programs 


Cost-sharing programs in Iowa, Minnesota, Nebraska, and Wisconsin are de- 
scribed below. These are the only states with cost sharing at this time. 
These programs are administered in full or in part by state conservation 
agencies and local conservation districts. Funds for these programs come 
from federal, state, and local sources. The programs are administered in 
addition to and in cooperation with the Agricultural Conservation Program 
(ACP) of the Agricultural Stabilization and Conservation Service (ASCS) of 
USDA. 


Iowa's state cost-sharing program was begun in 1973. It is an excellent 
example of how a state conservation agency and a conservation district can 
administer an efficient and effective cost-sharing program. Recently, 


Nebraska, Minnesota, and Wisconsin have followed Iowa's lead and developed 
cost-sharing programs on their own. These recently developed programs are 
improving water quality as well as conserving soil. 


Iowa.--At least one county in Iowa now has three sources of cost-sharing 
funds for landowners installing permanent conservation practices. A newly 
authorized program in Polk County, location of the state capital, will pro- 
vide $340,000 in county funds for cost sharing with landowners over a 2-year 
period. The program is administered jointly by the Iowa Department of Soil 
Conservation and the Polk County Soil and Water Conservation District (SWCD) 
in cooperation with SCS. Some of the funds will provide two technicians and 
a part-time clerk to the district. Funds for the Polk County SWCD program 
are allocated from federal revenue-sharing money received by the county. 


The Iowa Department of Soil Conservation continues to provide cost sharing 
through conservation districts. The funds are appropriated annually by the 
Iowa General Assembly and channeled through the Department to the districts. 
Since 1973 the Iowa General Assembly has appropriated $19.45 million for the 
program. The appropriation for fiscal year 1979 was $4.72 million. 


The Department has 4 years to spend each year's funds before the money 
reverts to the state treasury. Allocations to districts are made on the 


Seulle 


Table 5B-4.--Sources of nonfederal contributions of funds and services to 
soil and water conservation programs in fiscal year 1968 


Private 
State Local individuals and 
State government governments organizations Total 


(Thousands of dollars) 


1 Neh UNY ETE i tlle ce 168 183 1,038 1,389 
Alas kae= =o =—=———--= == 2 7 34 43 
ar ecnageo——-—--— =~ 41 142 139 B09 
Se rausassees------crs~ 400 1,028 511 1,939 
Caeetoritaoe=--="—F55- 6,002 2,268 2,090 10, 360 
COLerauO> = --=——=-G- <= 142 133 710 985 
Connecticut -==---=s-<-- 694 18 43 755 
Delaveres- ~~ =--="=s>5= 301 40 37 378 
1 Ang TG EG ai at li eal 66 700 477 1,243 
Georgi teres ~~ ——“ce> in2z2 2,778 728 4,728 
NERS E Wa BE RS II aac la 11 220 56 eed 
PAAR G es = 266 106 582 95 
AOL =< —— 396 133 5s1 1,100 
indvana-<--~-—=--=-<- 15392 790 948 3,130 
lowa---------------- 1001 rhe wl 1,163 2,885 
SVT ENS a ha oe eee eee ae 
Rencucky-------—----— BF : 
PANisi ana =====-----= 2,425 969 961 4,355 
aces oa = 199 150 apa ey 
Maryland------------ 426 900 168 1; 
Geetachheetts SS eee 742 94 43 879 
Michigan--~---—------ 162 334 413 909 
Minnesota----------- 342 302 459 1,103 
Mississippi-~------- 218 1,082 1,006 2,306 
Missouri------------ 143 394 be271 1,808 
Montana-~-~--------- 132 170 375 677 
Nebeas ko = — 60 @———=— = 659 780 he aired 
Nevada-------------- 49 145 19 

New Hampshire------- 117 322 48 487 
New Jersey---------- 449 1,680 195 2,324 
New Mexico---------- 405 93 375 873 
New York------------ 2001 813 220 3,734 
North Garolina------ 224 447 957 1,628 
North Dakota-------- 440 ta ee ae 
O01 0-—22>--==)=----- 677 Sl ’ 
Oklahoma------------ 15397 1,558 3 eee Sa 
Oregon-----------7-7- 396 837 ’ 
penneyi vant Steen ta aes on egos 
Rhode Island-------- 

South Carolina------ p21 341 534 1,196 
South Dakota-------- 230 274 308 812 
Tennessee--------""" 85 341 531 957 
Texas--------------- 555 1,908 aa Paved 
Utah------rcrcrcr cr 626 154 ’ 


Table 5B-4.--Sources of nonfederal contributions of funds and services to 
soil and water conservation programs in fiscal year 1968--Continued 


Private 
State Local individuals and 
State government governments organizations Total 


(Thousands of dollars) 


Vermont------------- 39 38 iM 154 
Virginia------------ 265 easy) 246 788 
Washington----------- 207 430 429 1,066 
West Virginia-------~- 841 193 180 1,214 
Wisconsin------------ 406 785 581 15772 
Wyoming-------------- 63 19 210 292 
Caribbean---=----==-=- 189 20 150 359 
OT re a ai rer so eae ae Gh Psion 100 100 

Total----------- 30,278 637012 31,945 954285 


Table 5B-5.--Sources of nonfederal contributions of funds and services to 
soil and water conservation programs in fiscal year 1978 


Private 
State Local individuals and 
State government governments organizations Total 


(Thousands of dollars) 


[AS a 325 575 864 1,764 
TNO 9. ©. Sd teeta le 990 9 46 1,045 
Ne CS eS al aaa 407 979 1,688 3,074 
eR S0SS 8 Se ~~ = ae 3,145 2,098 1,954 7,197 
CaP LOmiLdne=9= "= "SER - they 5837 4,286 10,874 
SEEMS of 14 6 acces liana’ = a 148 1,002 1,443 2,593 
PonneGti cul >=-<<<<s-<— 363 446 489 1,298 
Delavace aces <<-—=s975~ 1,097 827 377 2,301 
COOP a is ESS Sle lad ie 1,054 814 1,943 
eeorelan245-~---~4-=- 1,194 2,476 1,952 5022 
Hawaii---------------- 51 386 DTG Da 
LLY (eels = a lc aa 421 392 1,242 rene 
LIOR Te A a la daa 622 1,209 Bers 4,044 
ES TE eB Ra aaa aaa 3,399 Paherh! opie 9,300 
Te ee Teale 2,996 on 3 13 12,224 
PNR Re lea edie 1,011 1,663 2,000 4,674 
Pen CGC geo 3,308 566 906 4,780 
[eS ee VTE ae tial teat 3,665 25399 23927 8,951 
6 EBT SFE oR Ss la toa a 413 688 1,202 2,303 
Ray a Semen eo 518 23031 1,344 3,893 
MascacnusetLs-----—-=-— bys 952 202 1,693 
Michi gan--~---~------- 1,694 1,524 756 3,974 
Paes. a -—----~-———-~ 1,106 25110 P01 4,291 
Mississippi----------- 476 1,946 1,786 4,208 
Missouri-------------- ples 536 1,625 2,473 
Montana--------------- 6,286 1,139 15759 9,214 
Nebraska-----------~-- 1120 page en So 
Nevada-=-------------- 134 169 

New Hampshire--------- 5 109 486 600 
New Jersey----------~-- 197 1,991 1,208 Syqeele: 
New Mexico------------ 605 657 Aare me 
News York-=—~~-~------~ 244 2,187 ) , 
North? Carolina--~------ 781 4,042 1,396 6,219 
North Dakota---------- 1,602 991 3 oe eae 
Ohio-----------------" 3,048 2120 ) : 
Omiahoma==~-=——-~--==- 1,297 sade ae er 
Oregon--------------7-- 501 1, , , 
pee canis —saan === 1,645 1,607 1,808 5,060 
Riooes1s.and-~------~~ 34 60 24 118 
South Carolina-—--=-—=— 1,146 945 592 2,683 
South Dakota---------~ 74 568 909 1552 
Tennessee-----------"~ 635 1,289 956 2,880 
Texas----3c ocr 1,957 4,037 5,847 11,841 
Utah------------------ 13 297 617 927 
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Table 5B-5.--Sources of nonfederal contributions of funds and services to 
soil and water conservation programs in fiscal year 1978 


Private 
State Local individuals and 
State government governments organizations Total 


(Thousands of dollars) 


Vermont --------------- 205 42 106 353 
Virginia-------------- 36 977 376 1,389 
Washington------------ B52 565 682 5999 
West Virginia--------- Zeeo2 i legy Pee 460 4,463 
Wisconsin-~------------ 1,440 252901 1,380 ae | 
Wyoming--------------- 96 100 618 814 
Caribbean------------- 1,728 1,418 1,940 5,086 
OLREL =a asm nm wm we SES Sine 100 100 

Total------------ 60,771 77,204 74,399 212,374 
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basis of Iowa's Conservation Needs Inventory and are subject to approval of 
the State Soil Conservation Committee, which is the policymaking arm of the 
Department of Soil Conservation. The district must obligate its initial 
allocation before asking for more. Unobligated funds are recalled and re- 
allocated according to requests received. Portions of any given state appro- 
priation are held in reserve for priority work in watersheds above publicly 
owned lakes or for cost sharing mandatory soil conservation measures required 
by Iowa's erosion control law. 


Districts are also allowed to cost share specified eligible practices also 
approved by the State Soil Conservation Committee. Applicants must be 
district cooperators working toward a complete conservation plan before they 
are eligible to receive funds. 


District clerks in each of Iowa's 100 soil conservation districts maintain 
cost-share ledgers, receive applications from cooperators, and process 
vouchers for payment by the Department of Soil Conservation. SCS and the 
Department also help districts design, lay out, and certify conservation 
practices constructed with state funds. 


The landowner cannot be reimbursed more than 50 percent of the actual cost of 
the project, as calculated by the district staff. The landowner must secure 
and supervise a contractor and provide copies of paid bills before he can be 
reimbursed for the completed work. 


Minnesota.--On May 27, 1977, Governor Perpich signed an amendment to 
Minnesota's Soil and Water Conservation Law. This amendment included a 
cost-sharing appropriation of $3 million for the 2-year period from July l, 
1977, to June 30, 1979. This appropriation was the largest ever granted by 
the Minnesota legislature for controlling soil erosion, sedimentation, and 
related water quality problems. Of this total, about $2.4 million was allo- 
cated for installing permanent conservation practices directed solely at 
controlling soil erosion, sedimentation, and related water quality problems. 
One provision included $300,000 in grants to districts for hiring technicians 
and $150,000 for hiring administrative personnel. 


The Minnesota Soil and Water Conservation Board's cost-sharing program is 
administered by the districts, which apply to the Board for funds. The Board 
then awards grants to the districts based on their applications and the 
Board's priorities. District boards make all local administrative decisions 
and issue checks in accordance with the rules of the State Board. 


The State Board will share a maximum of 75 percent of the cost of any eli- 
gible practice. The practices eligible under the program are: 

Erosion control structures 

Stripcropping 

Terraces 

Diversions 

Stormwater control systems (waterways) 

Field windbreaks 

Animal waste control systems 

Critical area stabilization 
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Minnesota's 92 soil and water conservation districts have shown that they 
immediately need nearly $13 million of cost-sharing funds. As the additional 
money becomes available, it will be used to correct soil erosion problems in 
both rural and urban areas. For practices that are eligible under the ACP 
program, state funds may be used to supplement the $2,500 maximum payment 
allowable under ACP to cover up to 75 percent of the total cost. 


As an example of what this means to a local district, in 1978 Scott County 
received $39,000 in ACP funds, $32,000 in state cost-sharing funds, $1,300 in 
state funds for administration, and $1,400 in state funds for technical 
assistance. 


The State Board will monitor the program to ensure that it complies with the 
intent of the legislation. Subsequent reallocations may be necessary to meet 
demands and to ensure the most efficient use of state money. 


Nebraska.--Nebraska has appropriated $500,000 for fiscal years 1978 and 1979 
for cost sharing of water impoundment structures, terraces, terrace outlets, 
and irrigation water reuse pits. These funds are allocated equally among 
Nebraska's 24 natural resources districts and administered jointly by the 
districts and the Nebraska Natural Resources Commission. 


In addition to the state cost-sharing program, many of Nebraska's natural 
resources districts have local cost-sharing programs. Table 5B-8 shows the 
cost-sharing funds each district budgeted for local programs in fiscal years 
1977 and 1978. These districts have budgeted similar amounts for their 
current programs. These local programs are administered solely by the 
natural resources districts in Nebraska, but are closely coordinated with 
those funded by federal agencies and the state government. 


The amounts listed in the "Wildlife" column are used to pay landowners for 
maintaining wildlife habitat areas. Seventy-five percent of this money comes 
through the Nebraska Game and Parks Commission from hunting fees. The re- 
maining 25 percent comes from district funds. 


The funds listed in the "Intergovernmental" column are used for cost sharing 
on projects with other units of government such as counties and cities. 
These funds are most commonly used for cost sharing on road construction, 
although other types of projects are involved. 


Wisconsin.--In addition to the ACP program, Wisconsin has two new state 
cost-sharing programs. Also, at least 10 districts in Wisconsin have local 
cost-sharing programs using federal revenue-sharing funds. Table 5B-9 
summarizes these local cost-sharing programs. 


The first new state cost-sharing program is targeted at agricultural nonpoint 
source pollution (see glossary). Its budget for fiscal years 1978 and 1979 
was $265,000. Under this program, a district defines its needs and the "best 
management practices" (see glossary) for which it wants to provide as- 
sistance. The State Board allocates money to the district based on its 
assessment of the district's expressed needs. The program is administered 
primarily by districts, although the State Board of Soil and Water Con- 
servation Districts issues cost-sharing payments upon certification by the 
local districts. The State Board will bear up to 50 percent of the costs. 
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Table 5B-8.--Cost-sharing programs in Nebraska's natural resources districts 
in fiscal years 1977 and 1978 





Natural resources Land Inter= 

district Wildlife treatment governmental Total 

Upper Big Blue-----==--= $30,648 $130,000 $164,600 $325,248 
Lower Big, Blue-~---=-~- 20), 000 am ee ee 20,000 
Upper Elkhorn==-<<--—= 23,000 10 OU0Ge wee eee 33,000 
Lower, EL khorn-~-=5—--= 40,250 150,000 150,000 340,250 
Little Blue----------- 2 O00 gee ee 42,000 
Upper Loup === =< <= S e e 
Lower Loup------------ 88,726 reenter eene 88,726 
Lewis & Clark--------- 20.420) eee 30,000 58,420 
Middle Missouri------- 9,130 46,264 = =<-<---- 55,394 
Papio0----------------- 5,160 247,09). ear 252,001 
Memaha---------------- 41,310 = ------- 138,319 179 ,629 
Upper Niobrara-------- 5000 Seen nn 8 Bana a= 500 
Middle Niobrara=<<<<<- 9 =~=<="— 0 ne a ee ee ee 
Lower Niobrara--<----- 7,000 3,000 5,000 15,000 
North Platte---------= OA Fete gi ae ithe ech oe yp Gatti 29 ,500 
South Platte---------- are ee ee lel, 
Twin Platte----------- 36,2058 °  wwwnsee Sas eeee 36,205 
Central, Platte-------~ 49 ,881 2,000 20,000 71,881 
Lower Platte North---- 25,000 20,000  <=<-==- 45 ,000 
Lower Platte South---- 45,000 50,000 144 ,800 239 , 800 
Upper Republican------ 16,000 = enese= 0 Baa aan 16,000 
Middle Republican----- 40,000 © °  (-=S<<8= 0 “<s==<=- 40,000 
Lower Republican------ Ly 0 ee er 22,000 
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yeep lores oes $606 , 338 $658,961 S652, 71985 glo sale 

No. of districts- oe 9 7 


Source: NACD Nonpoint Note No. 15 (October 1, 1978). 
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Table 5B-9.--Wisconsin's county-funded cost-sharing programs for 
conservation and water pollution abatement (1978) 





County/SWCD Amount Eligible practices 

raw. Ord ae ——-=—— == $15,000 Barnyard runoff controls; woodlot fencing. 

Dalesss=——-=-=S=+s=— 50,000 Barnyard runoff controls; streambank pro- 
tection; terraces; drop structures. 

BOE Rated 30,000 Barnyard runoff controls; streambank 
protection. 

La. Crosse--=-----~-~--- 10,000 Streambank protection. 

Lafayette----------- 50,000 Barnyard runoff controls; streambank 
protection; various field practices; 
begun in 1974. 

Naeacnons 34 --~-——-—— 9,000 Barnyard runoff controls; manure 
management. 

Monroe------------- 0 Not funded in 1978; begun in 1974. 

Pierce------------- 25,000 Streambank protection; waterways and 
diversions. 

Rec lang === — ——— 10,000 Streambank protection; flood-retention 
dams. 

Trempealeau-------- 0 Program presently inactive; funded at 


$50,000 annually in 1975 and 1976. 


Source: NACD Nonpoint Note No. 15 (October 1, 1978). 


The second new state cost-sharing program is the Wisconsin Fund-Nonpoint 
Source Water Pollution Abatement Program. This program received $1.2 million 
in surplus state general revenues for fiscal years 1978 and 1979. Practices 
to control rural and urban nonpoint source pollution are eligible for cost 
sharing under this program. Wisconsin's conservation districts will imple- 
ment the program at the local level. 


Nonfederal Forestry Contributions 


Public and private expenditures in timber management, research, and as- 
sistance are at an all-time high of about $2 billion a year. Local appro- 
priations are nearly half of the total. State contributions for timber 
management research increased from $3 million in 1960 to $30 million in 1976. 


Fire management funds spent by state agencies and cooperators increased from 
$74 million in 1950 to $157 million in 1977 (measured in 1972 dollars). 
Federal contributions are about 15 percent of the total. Of the more than 
1.1 million acres of commercial forest land burned each year in the 1970's, 
80 percent was state or privately owned. 


Forest insect and disease management budgets increased from $14 million to 
$18.5 million from 1960 to 1977. Money allocated to private and nonfederal 
public owners of woodland for this purpose increased from $2.6 million to 
$10.6 million during this period. Nonfederal contributions averaged about 45 
percent of the total. Thus, private and nonfederal public contributions to 
this program ranged from about $1.2 million in 1960 to about $48 million in 
1977 (measured in 1972 dollars). 


In 1976, 1977, and 1978, federal payments in the ACP forestry practice pro- 
gram averaged almost $1.5 million annually. Landowners supplemented these 
payments with more than $600,000 of their own. 


Since the inception of the Forestry Incentives Program in 1975, $30.5 million 
of federal funds have been "matched" by more than $12 million in landowner 
contributions. In 1978 alone, landowners contributed about $5 million. 


The forest industry has regenerated more than 1 million acres of woodland a 
year since 1975. In addition, in industry landowner assistance programs in 
the South, 120 foresters from 39 companies help landowners manage their 
forest. More than 10 companies in the Pacific Coast and Rocky Mountain areas 
do likewise. 


Table 5B-10 shows expenditures by universities for forestry research in 
fiscal year 1977. 


The Natural Resources Division of the Extension Service 
There are currently 340 full-time equivalent employees funded by state and 


county sources in the Natural Resources Division of the Extension Service. 
In fiscal year 1979, this contribution was valued at $8 million. 
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Table 5B-10.--Expenditures by universities for forestry research in fiscal 


Type of research program 
Inventory and appraisal for 


forest and range 


Timber management 


Forest protection 


Harvesting, processing, and 
marketing of forest 
products 


Forest watersheds, soils, 
and pollution 


Forest, range, wildlife, 
fisheries habitat 
development 


year 1977 


Amount 
spent 


$1,004,162 


$8 521,602 


$4,101,728 


$6,196,086 


$2,979,679 


$2,210,663 


Sie L 


Research areas 


Appraisal of forest and range 
resources 

Remote sensing 

Biological technology and bio- 
mensuration 


Biology, culture, and management of 
forests and timber-related crops 

Genetics and breeding of forest 
trees 

Biological efficiency of forest 
crops 


Forest insect control 

Forest disease control 

Prevention and control of forest 
fires 


Forest engineering systems 

Economics of timber production 

New and improved forest products 

Markets and marketing of timber 
and related products 

Forest products, grades, and 
standards 

Supply, demand, and price analysis 

Housing 


Appraisal of soil resources 

Soil, plant, water, and nutrient 
resources 

Conservation and efficient use 
of water 

Watershed protection and 
management 

Protection from harmful effects of 
pollution 

Alleviation of pollution and 
disposal of wastes 


Improvement of range resources 
Fish and wildlife 


Table 5B-10.--Expenditures 


Type of research program 


Forest recreation and 
landscape values 


Alternative uses of land 


Technical assistance 


by universities for forestry research in fiscal 
year 1977--Continued 


Amount 


spent 


$1,514,041 


$788,214 


$55,134 


3232 


Research areas 


Outdoor recreation 
Trees to enhance rural and urban 
environment 


Alternative uses of land 
Multiple use and evaluation of 
forest programs 


Technical assistance to developing 
countries 

Improved income in rural 
communities 
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Chapter 6 - Developing Soil and Water 
Conservation Strategies for the 1980's 


This chapter discusses components of a comprehensive program for achieving 
the soil and water conservation objectives identified in the RCA process. It 
also discusses how these program components and the conservation objectives 
can be combined into alternative strategies that USDA can use to meet soil 
and water conservation challenges in the future. 


A soil and water conservation program must be flexible enough to address the 
diverse physical, social, and legal conditions throughout the Nation. Dif- 
ferent climatic and physical conditions present different conservation prob- 
lems. A conservation program must take into account diverse local units of 
government, property laws, water rights, tax administration, and zoning and 
other land management techniques. It must also allow for changes in the 
relative profitability of foreign and domestic markets and specific crops, 
equipment, pesticides, irrigation, and other technology. 


The Need for a Public Program 


Two-thirds of the Nation's lands are privately owned; the primary respon- 
sibility for managing these lands lies with private individuals. The public, 
however, has an interest in the conservation of private lands and in mini- 
mizing adverse offsite effects of activities on private lands. Problems that 
may extend beyond one landowner's property to affect others--pollution, 
flooding, disturbed wetlands, the removal of prime farmland from production, 
and so on--are generally accepted as legitimate concerns for public action. 


Land managers who know about conservation measures will implement those 
measures that reduce costs, increase income, or add to the value of their 
lands. Many conservation measures, such as reduced tillage and increased 
water and energy efficiency in irrigation, are profitable for the farmer. 
The practices that pay vary from place to place depending on climate and 
crops. In addition to practices that pay, many land users implement other 
conservation measures that are normally accepted as part of good land manage- 
ment in their area, even if these measures do not provide a net monetary 
return. For example, according to a study by Cornell University, on rented 
land farmers usually implement only conservation practices that pay in the 
short run. On their own land, however, these farmers implement practices 
that do not pay in the short run but may pay in the long run. 


Historically, the land user's awareness that conservation pays has been the 
starting point of USDA programs. USDA soil and water conservation programs 
have encouraged land users to continue with and expand on voluntary conser- 
vation measures by providing information, education, loans, cost sharing, and 
technical assistance. Alternative strategies chosen to meet the challenges 
of the future will use many existing USDA services and incentives. 


Normal market conditions and a USDA program of information, education, and 
technical assistance are adequate to meet many but not all objectives for 
soil and water conservation. There are conservation problems that private 
land users do not have adequate profit incentive to address. Special efforts 
are needed to solve these problems. 


The problems most likely to need additional USDA attention are those that 
have offsite and long term effects. In such cases, the land user often 
cannot collect the benefits from investing in conservation and therefore has 
little incentive to adopt conservation measures. By directing USDA programs 
and other programs specifically to these problems to provide the services and 
incentives needed, the public could induce conservation management. 


In directing resources to a specific problem and objective, the following 
considerations are important: 


1. What is the conservation objective worth to society? 
The benefits of conserving a resource must be greater than or at 
least equal to the cost of conserving it. In deciding whether or 
not the benefits outweigh the costs, however, society's considera- 
tions differ from an individual's. The discount rate to society, 
applied to future benefits and costs, may be much lower, perhaps 
even zero. The time horizon may be 50 to 100 years or more away. 
Because of risk, uncertainty, and a desire to avoid irreversible 
changes in resources, society may be willing to protect some 
resources that seem to be of very low current value. 


2% What level of subsidy or regulation is fair? 

A subsidy should be just enough to make the practice profitable to 
the individual. If conservation were achieved through regulation, 
the land user might suffer an income loss and thus reduced asset 
values where the market is responsive to private interest rates and 
profits from farm production. Who pays what and for what benefit 
is an important part of what is equitable. It must be carefully 
evaluated case by case. 


Program Planning 


Steps in Program Planning 


Program planning defines objectives and identifies ways in which resources 
and efforts can be directed toward attaining those objectives. 


Setting Objectives.--The first step in designing a program is working out a 
set of objectives that land users and various levels of government are 
willing to support. These objectives are not independent of programs: the 
cost and acceptability to the public of a program determine whether or not 
the public is willing to recognize resolution of a problem as a program 
objective. For example, weather is a great problem in agriculture, but very 
few people now recognize weather control as an immediate goal. The resources 
that would be required to solve the problem are too vast and the results too 
uncertain to be included in any feasible program. In addressing smaller 
problems, we may also be confronted with too high a price to justify solu- 
tions. 


The conservation objectives of all potential participants in a soil and water 
conservation program--federal, state, and local governments, interest groups, 
and individuals--are based on the attitudes of these participants toward 
conservation and their perceptions of the future, risk, profitability, and 
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the need to protect soil and water resources. The objectives set by par- 
ticipants vary according to their assets and perspectives. National ob- 
jectives tend to be long term and oriented to offsite effects; individual 
goals are more likely to be short term and directed toward private gain. 
States and local communities have intermediate goals that are broader than an 
individual's but narrower than the Nation's. Since any soil and water con- 
servation program must be acceptable to all participants, conservation ob- 


jectives and programs to achieve them must recognize this diversity of 
interest. 


Individual land users have a goal of achieving a profitable level of con- 


servation. However, many also have great concern for soil, water, plant, and 
wildlife resources. 


States and local communities have conservation objectives and programs estab- 
lished through state laws and local ordinances. Examples are programs to 
regulate erosion control at construction sites and to protect water storage 
reservoirs from sedimentation. The willingness of states and local govern- 
ments to support the objectives set in a national soil and water conservation 
program will depend to some extent on who is expected to finance the program. 


Proposed national objectives for seven potential problem areas have been 
identified in the RCA process. These potential problem areas have been 
identified on the basis of the soil and water resources available, the capa- 
bility of those resources, and the demands placed on those resources. The 
potential problem areas are: (1) Soil Resources: Quantity and Quality for 
Food and Fiber Production; (2) Water Quality; (3) Water Supply and Conser- 
vation; (4) Fish and Wildlife Habitat; (5) Upstream Flood Damages; (6) Energy 
Conservation and Production; and (7) Related Natural Resources, which in- 
cludes agricultural use of organic wastes and soil and water management in 
urban and urbanizing areas. 


In addition to setting objectives for soil and water conservation, priorities 
must be set with respect to the importance of meeting each objective. Indi- 
viduals and different levels of government may view these priorities dif- 
ferently, so a set of reasonable compromises must be worked out. 


Analyzing Constituent Elements.--After setting general objectives, the second 
step in program planning is to break these objectives down into specific and 
measurable terms. What actions will be needed in order to achieve the objec- 
tives? What behavior is needed from land users? Answers to these kinds of 
questions influence government's role. 


Designing Delivery Mechanisms .--The third step in program planning is de- 
signing a delivery system that will induce land users to undertake actions 


that will achieve the desired objectives. This step involves choosing a mix 
of services (information, education, technical assistance) and incentives or 
disincentives (cost sharing, cross compliance, taxation, regulation, loans, 
grants). 


Organizational and institutional arrangements must provide the delivery 
mechanisms needed. Choices must be made about who carries out programs, who 
finances them, and what structure will be used for the program. In some 
cases, new organizations may be needed. In other instances it may not be 
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possible to make significant changes in present organizational structures. 
The delivery mechanisms chosen would then be designed to work within the 
existing organizational structure. 


Allocating Public and Private Resources.--The fourth step in program planning 
is allocating resources among délivery systems in accordance with the re- 


sources available and the effectiveness of each delivery system in meeting 
objectives. 


Monitoring, Evaluation, and Research.--Monitoring, evaluation, and research 
are also necessary components of a soil and water conservation program. 
Monitoring and evaluation continually assess changes in resource conditions 
and examine the effectiveness of current programs. Monitoring and evaluation 
require (1) techniques to measure changes in the condition of the resources 
and program output, (2) adequate capacity to collect data, and (3) knowledge 
of the relationship between the outputs and the achievement of objectives. 
As programs succeed or fail in meeting conservation objectives, evaluation 
will help managers decide how the programs should be modified. Research 
identifies new technology or better means of solving resource problems and 
seeks solutions to new problems as they arise. Anticipating new problems in 
time to have effective solutions available is extremely difficult. 


Approaches to Program Planning 


USDA could design a program to address national concerns, local concerns, or 
something in between. In the first approach discussed below, USDA would 
develop programs that meet national objectives; in the second, it would plan 
programs around objectives identified by local people as having high pri- 
ority. Regardless of the approach, the success of any program depends on the 
amount of conservation applied by private individuals. 


A Nationally Determined System.--A nationally oriented program might use the 
conservation objective levels determined in the RCA process and in national 
level analyses and program evaluations to allocate federal resources among 
various regions and problem areas. The conservation objective levels de- 
termined under RCA for the potential problem areas would provide the bases 
for determining the critical needs requiring national attention. Support 
activities, such as soil mapping, resource inventories, and monitoring, and 
much of the budget for traditional soil and water operations would be based 
on national analyses and evaluations. Innovative test programs could be 
applied to existing problems. 


To implement a nationally determined program, USDA agencies would need a 
common, well defined set of objectives for soil and water conservation. This 
approach relies heavily on sound analyses based on good data, and would 
therefore work best on the potential problem areas for which the basic phy- 
sical and economic relationships are understood and for which data have been 
collected over an\extended period. The objective levels for the soil quan- 
tity and quality, water conservation, and upstream flood damages potential 
problem areas were based on greater amounts of adequate data and analysis 
than were the objective levels for the other potential problem areas. USDA 
has collected data on controlling soil erosion, on water conservation on 
irrigated lands, and on flood damages in small upstream watersheds for many 
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years. These data provide a relatively sound basis for a nationally 
determined program. 


A Locally Determined System.--A locally determined program would be based on 
the assumption that the delivery of soil and water conservation programs is 
more cost effective and better focused on priorities if planning and 
decisionmaking occur at the local level. Such a program could have the 
advantage of working through local governments in urging land users to 
participate. Groups at the state and local level would identify critical 
problems, cost effective solutions, and priorities. This strategy would 
focus on county or multicounty units, such as watersheds, river basins, or 
regions, that have common conservation problems. Multidisciplinary analyses 
of an area's resources, needs, and environment would identify problems and 
Suggest economic models that could be used to develop cost-effective 
solutions. 


Local and national perceptions of problems and objectives could be more 
easily reconciled during local planning if USDA issued policies to guide and 
help local program planning. Such guidelines would reflect national percep- 
tions and priorities. National policy guidelines, however, may not be enough 
to ensure that national conservation objectives would be met under a locally 
determined approach. 


In addition to the separate approaches--national or local determination of 
program planning--intermediate mixes are possible. If planning originates at 
the local level, there might be more local interest in evaluating conditions, 
identifying problems, and formulating programs than if the program were 
designed at the national level. On the other hand, if planning originates at 
the national level, more diffuse interest groups might have greater roles in 
program planning. Such groups could concentrate their resources at the 
national level to more effectively influence policy. In either approach, 
opportunities exist for special interest groups to become involved. 


Where program planning takes place may also influence which delivery 
mechanisms are considered. Although individuals may be reluctant to accept 
financial responsibility for cost sharing or to urge increased taxation on 
nonconserving land users, state and local governments may be willing to 
accept greater responsibilities. The historical tools and strengths of the 
various levels of government may affect their willingness to recommend 
specific program strategy alternatives. 


Administrative and Organizational Proposals 


The Department of Agriculture can arrange its programs and personnel in 
various ways to achieve soil and water conservation objectives. Three 
organizational structures are being considered in the RCA activities. The 
structures differ in the ways objectives are set, programs are developed, and 
responsibilities are assigned. These structures are: (1) modifying the 
existing system; (2) reassigning roles by functions; and (3) forming one 
agency--a Soil and Water Conservation Agency. 


In comparing the three organization and institutional arrangements, the 
following questions are important: 
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lee How responsive is this arrangement to USDA priorities? 


Zi Are the conservation objectives common to all USDA agencies under this 
system? 
Be How well coordinated between agencies are evaluation, monitoring, and 


budgeting activities? 
4. How difficult will it be to adopt this arrangement? 
5 How quickly can the system be implemented? 
6. How are agency roles changed by this arrangement? 


ne How will the change affect land users, interest groups, and state and 
local governments? 


8. How will relationships between USDA and other federal authorities 
change? 
9. How will this arrangement affect USDA's ability to conduct research and 


disseminate the results? Will the effects on research and development 
programs be good or bad? Will it be possible to maintain a profession- 
ally trained force, given changes in career opportunities? 


Modifying the Present System 


This alternative assumes that there is nothing basically wrong with the 
present organization of the Department. In a fine-tuned version of the 
existing system, all USDA agencies would retain their present missions and 
responsibilities. The major change would be the establishment of procedures 
to set common USDA soil and water conservation objectives and to avoid 
duplication among programs. There would also be changes in program evalu- 
ation and in administration. 


An interdepartmental coordinating committee would be established for all soil 
and water conservation activities. It would set USDA priorities. This 
committee would provide the national direction for soil and water conser- 
vation programs. It would provide the framework within which state and local 
groups would develop their own programs. 


At the state level, the present USDA State Coordination and Administration 
Committees would be responsible for coordinating development of USDA 
programs. They would provide the direction needed to formulate USDA programs 
at the county or multicounty level within national guidelines. 


Improved coordination among the agencies could produce a more cost-effective 
USDA program. Departmental objectives could be met that might not have even 
been identified in an agency-by-agency approach. The programs might be more 
responsive to overall national objectives and less subject to single-interest 
constituencies. Programs could be directed to specific problems to help meet 
national objectives. An excellent example of this unified approach already 
in use is USDA's Model Implementation Projects, which are directed primarily 
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to communitywide water quality problems. In the Model Implementation Pro- 
jects, USDA uses delivery services and incentives together in helping land 
users improve water quality. 


Because agencies would retain their identities under this proposal, indi- 
viduals, organizations, special interest groups, and local governments would 
still have satisfactory access to those organizations they traditionally work 
with, but the public would see a more unified Departmental approach to hand- 
ling soil and water problems. 


The cooperative effort should facilitate identification of research needs and 
transfer of technology to land users. Cooperation should also make it easier 
to maintain a professionally trained work force. Interagency program 
planning at all levels would expose agency staff to more and different agency 
operations and foster a better understanding of the need to focus all USDA 
efforts on common objectives. 


Few changes would be needed to implement the fine-tuned system. No change 
would be needed in the Department's basic authorities. All that would be 
needed is agreement as to what each agency would do and policy guidance at 
the Departmental level. The system could be operational by 1982. 


Reassigning Roles by Function 


Under this organizational alternative, the soil and water conservation func- 
tions of various USDA agencies would be reassigned to a single most "logical" 
agency. All technical assistance for soil and water conservation would be 
assigned to the Soil Conservation Service (SCS); all grant, contracting, and 
cost-sharing assistance would be administered by the Agricultural Stabi- 
lization and Conservation Service (ASCS); all loan services, by the Farmers 
Home Administration (FmHA); all information and education activities, by the 
Science and Education Administration (SEA)-Extension Service; and all 
research, by SEA-Agricultural Research, SEA-Cooperative Research, and the 
Economics, Statistics, and Cooperatives Service (ESCS). The Forest Service 
(FS) would continue to provide leadership for forestry. 


Such an organizational arrangement would make coordination among USDA agen- 
cies, as described in the "modified present" system, even more important. 
All agencies would still work toward a common Departmental objective. Pro- 
gram evaluations would be better coordinated. This alternative also would 
include the creation of a USDA coordinating committee at the national and 
state levels. 


There are certain advantages to this alternative, especially if there is 
expanded USDA agency colocation of county offices with shared resources. The 
main advantage would be improved public services and a clearer understanding 
of who provides what kind of services. Contacts by state and local govern- 
ments with USDA agencies would be simpler. 


There are some disadvantages to a functional role approach. Land users would 
still have to go to different USDA agencies to obtain assistance. Coordi- 
nating assistance from two or more agencies could be more difficult. Because 
conservation measures are applied seasonally, timeliness of joint assistance 
frequently is critical. 
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There may also be other disadvantages. This organizational structure might 
reduce career opportunities and complicate the maintenance of a profession- 
ally trained work force to provide the necessary services to the public. The 
"modified present" system would permit horizontal and vertical movement among 
agencies, but the functional role alternative would pigeonhole people into 
specialties. 


Establishing a Soil and Water Conservation Agency 
This organizational alternative provides for the creation of a completely new 
agency. It would be made up of the 34 soil and water conservation program 
activities of the six USDA agencies that administer these programs: ASCS, 


ESCS, FmHA, FS, SCS, and SEA. 


Under this alternative, the relationships with the states might be somewhat 


better than if roles were reassigned by function. Traditional lines of 
communication between state agencies and USDA could be maintained. Special 
interest groups would still have access. The more unified Departmental 


approach to handling soil and water conservation described under "Modifying 
the Present System" would also be possible under this alternative. 


The coordinated program planning approach should be as effective in identi- 
fying research needs and transfering research technology under this alter- 
native as under the other alternatives. 


Opportunities for achieving the objectives for each potential problem area 
would be enhanced by the centralized approach. When desired, a federal 
presence could be provided at the state and local levels to help carry out 
national objectives. However, there would still be duplication of effort 
under this approach. For example, expertise for administering soil and water 
conservation loans would be needed within the Conservation Agency. Other 
agencies would also need espertise for administering other USDA loans (low 
income housing, grain loans, etc.) 


Changing Intergovernmental Relationships 


In addition to changes in organization within USDA, changes in the relation- 
ships between various levels of government have been considered. While some 
change in the relationship between USDA and other levels of government is 
implicit in all three alternatives for organizational structure, more direct 
and intentional changes are also possible. Two proposals for change are (1) 
an increase in the state role in conservation programs and (2) a focused 
multicounty (regional) approach. 


Increasing the State Role 


The states could be given a larger role in establishing objectives and pri- 
orities as to the level and mix of conservation programs through federal 
grants to states. The states could also accept increased responsibility for 
financial and staff support of the program. If states took a larger role in 
designing programs, they could expect to assume greater responsibility for 
carrying them out. 
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Increasing the state role would be particularly feasible with respect to the 
water quality, fish and wildlife habitat, and water conservation and water 
supply potential problem areas. The states have experience in dealing with 
water pollution. In the West, states have long had _ responsibility 


for water rights. States have also historically had responsibility for fish 
and wildlife. 


Where federal, state, and local public funds are made available for soil and 
water conservation, these funds would be used for meeting national objectives 
and state and local needs. Federal funds could be directed mainly to meeting 
long term national objectives. USDA would provide to local and state govern- 
ments the organizational, technical, and management training and the cost 
sharing and technical assistance needed to implement a soil and water con- 
servation program. The way in which this strategy would be implemented could 
vary from state to state. Implementation could be expected to take place 
faster in the states that have already assumed a role significant in soil and 
water conservation. 


Changes in the relationship between USDA and the states are already evident 
in the vigorous state conservation programs in Iowa, Minnesota, Nebraska, 
Ohio, and Wisconsin. 


A Multicounty Regional Approach 


In a multicounty regional approach, resource problems would be addressed at 
this level. State and multicounty groups could identify critical problems, 
cost-effective solutions, and multiagency program priorities. Grouping 
counties having common resource problems--perhaps by watershed boundaries-- 
could allow USDA to concentrate on the most important problems and tailor 
programs to the region's needs. State and local governments, land users, and 
USDA agencies would cooperate in setting priorities for various program 
elements. Priorities could reflect a blend of national and local objectives. 


Under a multicounty regional approach, USDA could focus programs on regions 
with special needs and on regions with demonstrated capacity for assuming 
regional responsibility. Focusing resources in this way might increase the 
cost effectiveness of USDA expenditures. 


The upstream flood damages, water quality, water conservation and supply, and 
soil resources potential problem areas, which affect an area, a watershed, or 
a river basin, could be addressed using a multicounty regional approach. 
These problems involve many land users and their solution provides offsite 
and public benefits. 


Service Delivery Mechanisms 


Service delivery mechanisms are program components that provide technical 
services and information assistance to help land users adopt soil and water 
conservation measures. These services improve the land user's knowledge and 
acceptance of and ability to use conservation practices. 


Qualified specialists provide information and education to help groups and 


individuals identify their problems, evaluate alternatives, and make choices 
in their use of soil, water, and related resources. Education would include 
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information through public meetings, tours, printed materials, electronic 
media, short courses, and workshops and in other ways. 


Qualified soil conservationists, agronomists, soil scientists, engineers, 
foresters, and others provide technical assistance to help individual land 
users, groups, or units of state, local, or federal government plan or apply 
practices for conserving soil, water, and related resources. 


Service delivery addresses who provides technical and information or educa- 
tion personnel, who pays them, and who directs their work. These aspects are 
closely related. The service delivery arrangement could be completely fed- 
eral, and all personnel could be employed and paid by the federal government 
and directed to meet national objectives and priorities. It could be com- 
pletely state or local, and all personnel could be employed, paid, and 
directed by state or local authorities. In an intermediate position, state 
and local personnel could respond to federal priorities and be paid with a 
mix of state, local, and federal funds. Federal personnel could be located 
as needed in each local office in accordance with an agreement between the 
federal government and the state or local jurisdiction. 


Mechanisms Now in Use 


Technical assistance and information and education are now provided by a mix 
of federal, state, and local funding. The relationship between federal and 
local or state responsibility for staffing service delivery systems differs 
between USDA agencies, and even within some agencies. For example, in most 
states, technical and financial assistance is provided mainly by federal 
employees, through the use of federal funds. In some states, however, a 
Significant number of employees who provide such assistance are state or 
local government employees paid with nonfederal funds. 


Technical assistance and information assistance on state owned and privately 
owned forest lands is provided by personnel employed by state forestry agen- 
cies under the direction of state foresters, using federal and nonfederal 
funds, with guidance from the Forest Service. Their research activities also 
provide for the transfer of technology to state forestry agencies and to land 
users. 


Federal personnel provide technical assistance in developing management plans 
to enable land users to repay farm operating loans, including soil and water 
conservation loans, obtained through FmHA. 


SCS provides technical and financial assistance to individuals and units of 
government. It mainly provides technical assistance in planning and applying 
soil and water conservation measures. 


SEA-Extension provides information and education and technical assistance 
primarily through county offices and the land grant universities. Some of 
the funding is federal (the proportion varies from state to state). General 
federal program guidance is provided. At the local level, the state and 
counties provide funds for extension activities. 


ASCS provides financial, information, and administrative services through 
state and local committees. The federal government provides funding for both 
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state and local committees, but the employees at the local level are hired 
locally and the state staffs are federal employees. 


SEA and ESCS research activities for soil and water conservation provide the 
base for USDA technology transfer to land users. Funding for research is 
provided through federal and state appropriations. 


The variety of options currently in use demonstrates some of the possible 
alternatives. Variations of these options could be used for all potential 
problem areas. 


Program Delivery Mechanisms 


Program delivery mechanisms are those program components designed to imple- 
ment soil and water conservation programs by using incentives for and penal- 
ties to land users. These mechanisms include contracting, cross compliance 
tied to related programs, taxation, provision of grants, cost sharing, and 
loans, and regulatory actions. 


In choosing among delivery mechanisms, the strengths, weaknesses, and appli- 
cability of each approach to meeting the conservation objectives must be 
considered. Generally speaking, programs that provide incentives are far 
more acceptable to land users than programs that impose penalties. However, 
some problems might be more effectively solved through penalties than through 
added incentives. When relatively severe penalties are called for to protect 
a critical resource, a majority among the affected public must understand why 
such penalties are needed and must support them. Similarly, when rewards and 
penalties are distributed in different amounts among different people, the 
rationale for these differences must be clear to the public. In most in- 
stances, several mechanisms will be used. A program of cost sharing and 
grants may be supported by a regulatory authority and administered through a 
joint federal-state-local effort. 


Figure 6-1 illustrates the choices available among program components. The 
segmented lines represent the range of options available in program planning, 
service and program delivery mechanisms, and evaluation systems. A soil and 
water conservation program can be conceptually described on these continuums 
by choosing a point on each line which represents the preferred option for a 
given program component. A profile formed by connecting a point from each 
line designates the mix of program components. Those components not appli- 
cable to a given option would not be connected in order to signify that it is 
not a component within that option. The diversity of options is suggested by 
the large number of possible profiles. A program might consist of national 
or local program planning, federal or state responsibility for personnel and 
financial support of service delivery mechanisms, contracting or no con- 
tracting, regulation or no regulation, and so on. Figure 6-1 can be used to 
display possible combinations of these choices. The degree of conflict that 
may exist between various delivery mechanisms and other program components 
must be considered when developing alternative program strategies for soil 
and water conservation. 


Five program delivery mechanisms are described below. The range of ways each 
option could be used and the advantages and disadvantages of each are dis- 
cussed. 
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Contracting 


A contract would specify that a land user adopt or maintain a certain level 
of conservation in return for specified contributions from the Department. 
Multiyear contracts would be advantageous both to land users and USDA. For 
the land user, a contract would ensure that support would remain at an agreed 
upon level through the period of the contract. For the Department, it would 
ensure that conservation measures would remain in place over the period of 
the contract. 


In using contracts, several factors should be considered: 


st 


The contract can be directed to a specific problem area where other 
conservation programs have been ineffective. It can also be used 
to ensure that payments and services from the Department are given 
only to land users with priority needs. Proper incentives can be 
given because each individual case will be considered on its 
merits, and the benefits offered through a contract can be adjusted 
to the level of costs required from the land user. 


Both the government and the land user enter voluntarily into con- 
tracts. If contracts are going to be effective, the rewards they 
offer must be sufficient to encourage participation. 


Contracts could include landowner "buy out" clauses. If market 
conditions change and either the government or the land user finds 
it unprofitable to continue with the arrangement agreed upon, the 
contract can be modified. Rather than simply plowing up permanent 
plant cover in order to farm a larger acreage when prices rise, a 
land user under contract would contact USDA and arrange to modify 
the agreement. Modifying the agreement might include repaying cost 
shares received for installing conservation measures, paying a 
penalty, or arranging for installation of other needed conservation 
measures for cropland. USDA would be able to make adjustments to 
changed demands for food and fiber production. If the benefit to 
society of retaining the practice exceeded the potential gains to 
the land user of changing the land use, the Department would also 
have an opportunity to raise the benefits granted under the con- 
tract in order to keep the practice in place. A provision for land 
retirement could also be included. 


Contracts could be written in terms of a performance standard (per 
ton soil loss reduction) as well as in terms of specific practices, 
encouraging a land user to find the least-cost solution to the 
problem addressed. 


Administrative costs of long term contracts are higher than those 
associated with short term contracts. Revising contracts and 
monitoring the performance of contractees would require additional 
personnel. However, long term contracting would give more assur- 
ance that conservation measures would be operated and maintained 
properly. 


Contracts would be used for all the potential problem areas in 
dealing with individual land users. Contracts would be especially 
suited where erosion problems on individual farms need attention. 
Contracts have also been used for improving water quality, for 
water conservation, and in preserving wetlands for fish and wild- 
life habitat. 


Cross Compliance 


USDA could require that land users meet a certain conservation standard of 
performance or carry out certain conservation measures in order to qualify 
for USDA program benefits. The Department might remove all program benefits 
from land users who fail to comply or might offer special additional benefits 
and subsidies to individuals who do comply. The absence of compliance re- 
quirements would simply mean that a land user's soil and water conservation 
behavior was not a factor in determining eligibility for USDA program bene- 
fits. The range of rewards that could be offered in exchange for compliance 
is discussed in detail in the part of this chapter dealing with loans, cost 
sharing, grants, insurance, and other program benefits. Briefly, the bene- 
fits might include subsidized interest loans, crop or flood insurance adjust- 
ment, commodity payments, and payments for income foregone or for maintenance 
of conservation practices. 


Under a cross compliance program, USDA would have to determine which programs 
could be most successfully linked to conservation behavior, would have to 
determine the requirements a land user would have to meet in order to comply, 
and would have to monitor land users to certify that they had complied with 
the requirements. 


In considering which programs might be tied to soil and water conservation 
activities, USDA should consider both the attractiveness of the program 
benefits to potential participants and the impact of compliance requirements 
on participation in the conservation program. For example, commodity support 
programs help to ensure farmers and ranchers a fair return from their invest- 
ment and help to protect them against market fluctuations. Cross compliance 
could require producers participating in these programs to also carry out a 
program of soil and water conservation. Cross compliance between conser- 
vation programs and commodity programs involves combining long term and short 
term objectives. These objectives may be in conflict. Commodity programs 
require year-to-year flexibility, while conservation programs have both 
immediate and long-term dimensions. Cross compliance would probably be most 
successful where program benefits are directly related to the particular 
problem areas that the program is attempting to address. For example, to be 
eligible for housing loans to build flood-proof structures, a land user would 
have to comply with appropriate standards for use of flood plains. 


Monitoring cross compliance requirements would vary widely. If compliance 
consisted of maintaining a certain water quality, monitoring would be tech- 
nically and administratively complex and very expensive. The frequency of 
monitoring and the degree of complexity of standards would determine both its 
cost and effectiveness. 
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Loans, Cost Sharing, Grants, Insurance, and Other Incentives 


Loans, cost sharing, grants, and insurance are among the financial incentives 
that the federal government could use to deliver soil and water conservation 
programs. The level of cost sharing would vary according to how critical the 
need is to meet identified objectives. A high level of incentives might 
provide cost sharing, including compensation for income foregone, land re- 
tirement, or\ maintenance of conservation practices; conservation loans below 
regular interest rates; and crop or flood insurance at below-market rates. 
The lowest level of incentives might provide no cost sharing by the govern- 
ment, availability of conservation loans only through traditional market 
sources, and crop or flood insurance only through private firms and at 
actuarially determined rates. An intermediate level might provide partial 
cost sharing for annual out-of-pocket expenses, moderately subsidized loans, 
and moderately subsidized insurance. 


Financial incentives can be offered directly to individual landowners, land 
users, groups, or governments undertaking soil and water conservation ef- 
forts. USDA financial incentives to individual land users have generally 
been offered as partial cost shares for out-of-pocket expenses and have 
emphasized "permanent" conservation practices. 


USDA agencies have historically used grants, loans, and cost shares, which 
are readily accepted by land users. When these incentives are tied to a com- 
pliance condition or contract or are offered to help land users meet regula- 
tory standards, they can be very precise. 


Loans and cost sharing could be used in meeting objectives for improvement in 
soil quantity and quality, water quality, water conservation and supply, and 
fish and wildlife habitat. Some states provide a revolving loan fund and 
also provide funds for project-oriented activities, such as reducing upstream 
flood damages in rural communities. 


Taxation 


Taxation could be used as either an incentive or a penalty. For example, 
taxes could be reduced in proportion to the land manager's investment in 
conservation. Property taxes could be reduced on land where adequate con- 
servation measures were in place. These tax measures could be administered 
in conjunction with federal, state, or local taxes. In designing a soil and 
water conservation program that called for changes in state and local taxes, 
for example, the federal government could provide grants to state and local 
jurisdictions for revenues foregone. Differences between states and lo- 
calities with respect to both income and property taxes, however, could make 
it difficult to implement an equitable program nationwide. 


The information needs for a system of tax rewards would be less rigorous than 
the information needs for a system of penalties. Justifying the awarding of 
a tax break is easier than justifying the imposition of additional tax liabi- 
lity. Taxing could be used as an incentive for the soil resources potential 
problem area. Many states now provide tax incentives on private forest land 
where long range benefits accrue from that forest. 
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Regulation 


Regulation can also be used as a delivery mechanism for a soil and water 
conservation program. This approach could be used as a backstop for those 
objectives the country most wishes to achieve, such as improving water qua- 
lity in lakes and streams. 


Regulations assert that the land user has a legal responsibility to manage 
his resources in a certain manner. This contrasts with the current attitude 
toward most conservation: while the land user is encouraged to adopt con- 
servation management, he may in most cases use the soil and water resources 
as a property right. Exceptions to this rule include regulation of sediment 
problems at construction sites and the "beneficial use" requirements of water 
laws in the western states. 


A regulatory system for conservation problems would provide increased control 
over the behavior of land users and increased ability to address specific 
problems. Disadvantages of this system could include a reduction of rights 
for land users, added enforcement and monitoring costs, and possibly 
destruction of enterprises that are small or have limited resources and that 
cannot comply with the regulations. 


This approach would be most applicable to the water quality, upstream flood 
damages, and soil and water management in urban and urbanizing areas (related 
resources) potential problem areas. There are already significant regula- 
tions in force for these problem areas. 
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Chapter 7 - The Data Base on Soil and Water Resources 


Section A-Documentation of National Resource Data in the 1980 RCA Appraisal 


Procedure 


The National Resource Inventories (NRI) (USDA, 1978b) provided much of the 
data used in preparing the 1980 RCA Appraisal. For the NRI, the Statistical 
Laboratory of Iowa State University selected random sample areas known as 
primary sample units (PSU's) for each county in each state. Most PSU's in 
midwestern, western, and southern states were 160 acres; most in eastern 
states were 100 acres. Some were as small as 40 acres and some as large as 
640 acres. 


Three points were selected at random within each PSU (only two points were 
used in PSU's of 40 acres). The Soil Conservation Service (SCS) examined 
about 200,000 sample points in the field and compiled data for the NRI. SCS 
field specialists and technicians collected the data. State SCS staffs and 
the Iowa State University Statistical Laboratory made quality control checks. 
SCS reexamined more than 6,000 sample points in the field for correctness, 
and the Statistical Laboratory made other special computer checks for con- 
sistency. 


County Base Data.--Basic data about the gross area of each county and the net 
area of land and water in each county were obtained from the U.S. Department 
of Commerce, Bureau of the Census. Estimates from the 1970 Census were 
provided to SCS field offices. Field personnel reported any changes in land 
and water areas between 1970 and 1977. Such changes might have been caused 
by county boundary changes, construction of large reservoirs, or other ac- 
tivities. 


The Forest Service reported land it administered as National Forest System or 
National Grasslands, and the Bureau of Indian Affairs reported the acreage of 
land it administered. Field personnel determined from state and local 
sources the acreage of land administered by other federal agencies. 
SCS used existing data to measure roads and railroads that connect rural and 
urban areas to determine the amount of land used for major rural transpor- 
tation systems. Transportation categories included: 

1. Interstate highways 

ee Paved primary federal and state highways 

= Other paved roads 

4. Gravel roads 

Dis Dirt roads 

6. Railroads 


The number of miles of roadway in each transportation category, the average 
width of the corridor, and the total acreage occupied were recorded. 
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PSU Data.--Maps were submitted to the Statistical Laboratory showing the 
location and extent of urban and built-up land of more than 40 acres and the 
location and extent of irrigated land. The Statistical Laboratory used these 
maps in selecting the size and location of PSU's and then notified the SCS 
field offices that were to gather the field data. SCS obtained the following 
information for each PSU: 


fe) Size.--The actual size of each PSU in acres was recorded. For irregu- 
larly shaped PSU's the acreage was determined by dot grid or by planimetering 
(see glossary) the area on a map or photograph. 


O Urban and Built-up Land.--The acreage of urban and built-up land in each 
PSU was determined. This acreage included contiguous areas of more than 10 
acres used for residences, industrial and commercial sites, institutional 
sites, railroad yards, small parks, cemeteries, airports, and similar urban 
facilities. 


Oo Small Built-Up Land.--The acreage of small built-up areas was also 
determined in each PSU. These areas are like "Urban and Built-Up Land" 
except that they are smaller than 10 acres but larger than 0.25 acre. 


fe) Farmsteads.--The acreage of farmsteads in each PSU was determined. This 
acreage included land used for dwellings, buildings, barns, pens, corrals, 
windbreaks, family gardens, and other purposes connected with operating farms 
or ranches. 


) Water Bodies Less Than 40 Acres.--All permanent water bodies of less 
than 40 acres were identified and their use was recorded. This information 
was recorded for all water bodies even if only part of their total area was 
within the PSU. SCS field personnel recorded at least one but no more than 
three of the following uses for each water body: 

be Irrigation 


De Livestock water 


3 Water supply (municipal, industrial, household, firefighting) 


4. Recreation, fish, and wildlife 

ay Erosion and sediment control 

6. Flood prevention and flood control 

le Water quality control (livestock waste lagoons and sewage 
lagoons) 

8. Other (power, navigation, cooling, etc.) 


Oo Perennial Streams Less Than One-Eighth Mile Wide.--SCS also collected 
data on the width, length, and acreage of the parts of perennial streams less 
than one-eighth mile wide that were within each PSU. The field personnel 
determined that the water in each perennial stream was used for at least one 
but no more than two of the following purposes: 
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bes Irrigation 
2 Livestock water 
Se Water supply (municipal, industrial, household, firefighting) 
4. Recreation, fish, and wildlife 
pk Other (power, navigation, cooling, drainage, etc.) 
The most important use was recorded first. 


fo) Perennial Streams More Than One-Eighth Mile Wide.--Field personnel 
recorded whether the PSU contained part of a perennial stream wider than 
one-eighth mile. 


) Construction.--Data were recorded about any construction activities 
within the PSU involving an area of more than 1 acre. Construction areas 
were defined as land areas where man has modified the land surface, that were 
bare of vegetation at the time of observation, and that were expected to 
remain without plant cover for more than 30 days. 


) Roads.--SCS also recorded any rural road within the PSU. For the pur- 
pose of this inventory, roads included farm lanes, logging roads, woods 
roads, and other private roads as well as paved or gravel public roads. 
(Roads included in "Urban and Built-Up Land" were not in this category.) 


fe) Active Gullies.--Field personnel recorded the number of active gullies 
in each PSU. An active gully was defined as an eroding channel through which 
water flows only during and immediately after heavy rains or during the 
melting of snow. For the purpose of this inventory, a gully was further 
defined as a channel 1 foot or more deep. 


Data on construction sites, roads, and gullies were recorded as preliminary 
information for use in a subsequent phase of the NRI concerning roadside, 
streambank, construction site, and gully erosion. 


Sample Point Data.--The PSU data were the main source of information about 
the total acreage of farmsteads and small urban, built-up, and water areas. 
SCS obtained more specific information from the point data in the NRI. An 
SCS representative visited each PSU and made observations at random points in 
the PSU selected by the Statistical Laboratory. Some information had to be 
obtained from the owner or operator of a farm. For data points on land that 
had been in crop production at some time during the previous 4 years, the 
kinds of crops and residue were determined for each year. This information 
was used in the wind erosion and universal soil loss equations. 


Other information was gathered at each point. For all land areas, this 
included the soil name and symbol, the land capability class and subclass 
(see "land capability classes and subclasses" in the glossary), and the soil 
loss tolerance (see "Universal Soil Loss Equation," below). A determination 
was made as to whether the point was on prime farmland. For urban areas, SCS 
gathered information on the density of urban development. For rural lands, 
the information obtained included the type of irrigation, the kinds of con- 
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servation practices being applied, the treatment needs, the type of owner- 
ship, and data for the universal soil loss and wind erosion equations. 
For rural noncropland, SCS gathered data on potential cropland, and for 
water, on the size of the stream or water body. 


In addition to the soil and water data, other information was collected at 
each sample point. This information included the land use and whether or not 
the point was in a flood prone area or in an area that met the definitions of 
type 3 to 20 wetlands (Shaw and Fredine, 1956). For urban lands, SCS esti- 
mated the amount of impervious cover. For points on irrigated land, the type 
of irrigation was recorded. Field personnel recorded the type of ownership, 
the existing conservation practices, and the type of treatment needs. For 
undeveloped land not in cropland, the potential for conversion to cropland 
was determined, the major soil and water problems or other problems that 
might hinder conversion to cropland were noted, and the type of effort 
necessary for conversion was determined. 


Use of Soil Surveys 


For the NRI, states had the option of mapping the entire primary sample unit 
(PSU) in accordance with the standards and procedures of the National Co- 
operative Soil Survey or of determining the specific soil map unit (see 
glossary) at individual sample points. This means that uniform soil survey 
interpretations were made for each sample point. These interpretations 
provided such information as the K and T values for the universal soil loss 
equation (see below), the I factor for the wind erosion equation (see below), 
and the land capability class and subclass. The subclasses define the limi- 
tations of the soil, including wetness, erodibility, and such climatic and 
inherent soil problems as stoniness, droughtiness, and salinity. 


Universal Soil Loss Equation 


The universal soil loss equation (USLE) is a formula used to predict soil 
losses caused by water erosion. It was used to estimate sheet and rill 
erosion for the NRI. 


The use of equations to calculate field soil loss began around 1940 in the 
Corn Belt. A national committee met in Ohio in 1946 to adapt the Corn Belt 
equation to cropland in other regions. This committee reappraised the Corn 
Belt factor values and added a rainfall factor. The resulting formula, 
generally known as the Musgrave Equation, has been widely used for estimating 
gross erosion from watersheds in flood abatement programs. 


The USLE was developed at the National Runoff and Soil Loss Data Center, 
which was established in 1954 by the Agricultural Research Service (now 
Science and Education Administration [SEA]) in cooperation with Purdue 
University. Federal-state cooperative research projects at 49 locations 
contributed more than 10,000 plot-years (see glossary) of basic runoff and 
soil loss data to this center for summarization and statistical analyses. 
After 1960, rainfall simulators operating from Indiana, Georgia, Minnesota, 
and Nebraska were used on field plots in 16 states to fill some of the gaps 
in the data needed for factor evaluation. 


Analyses of this basic data provided several major improvements for the soil 
loss equation: (a) a rainfall erosion index evaluated from local rainfall 
characteristics, (b) a quantitative soil erodibility factor that is evaluated 
directly from soil properties and is independent of topography and rainfall 
differences, (c) a method of evaluating cropping and management effects in 
relation to local climatic conditions, and (d) a method of accounting for 
effects of interactions among cropping systems, productivity levels, tillage 
practices, and residue management. 


Developments since 1965 have expanded the use of the universal soil loss 
equation by providing techniques for estimating site values of its factors 
for additional land uses, climatic conditions, and management practices. 


The equation is: A = RKLSCP. 


A is the average annual soil loss in tons per acre predicted for a given 
area. 


R is the rainfall erosion factor. Soil is eroded from cultivated land in 
direct proportion to the product of kinetic energy multiplied by the maximum 
30-minute intensity of a rainstorm. This product, called the erosion index, 
shows the erosion potential of the rainfall within a given period. Annual 
erosion indexes and monthly rainfall distribution curves have been computed 
for locations throughout the United States where sheet and rill erosion is a 
problem. These curves were developed using Weather Bureau and SEA data 
accumulated over more than 20 years. 


K is the soil erodibility factor, which expresses soil loss in tons per acre 
per unit of rainfall erosion index (R) for a slope of specified dimensions, 
steepness, and length. K factors vary with soil type, series, and degree of 
erosion. K values have been determined for all soils on the basis of the 
soil characteristics that determine erodibility. 


L is the length of slope factor. This factor is the ratio of soil loss from 
a specific length of slope to that from the length specified for the K factor 
of the equation. Slope length is defined as the distance from the point of 
origin of overland flow to the point where the slope decreases and deposition 
begins, or to the point where runoff enters a well defined channel. 


S is the steepness of slope factor. It is the ratio of soil loss from the 
field slope gradient to that from a standard slope under otherwise identical 
conditions. 


C is the cover and management factor. This factor takes into account the 
combined effect of crops, crop sequence, and various management practices on 
soil erosion. It is the expected ratio of soil loss from land cropped under 
specified conditions to soil loss from continuously cultivated fallow land 
with identical soil, slope, and rainfall conditions. SCS has estimated C 
factors for rangeland and forest land as well as for cropland. 


P is the erosion control practice factor. This factor is the ratio of soil 
loss under a specified conservation practice to that with uphill and downhill 
farming operations when other conditions, such as soil, slope, and rainfall, 
are equal. 
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Soil Loss Tolerance (T).--In addition to the USLE factors, SCS determined the 
kind of soil and the average annual soil loss tolerance (T) factor at each 
random point. This factor is the soil loss in tons per acre per year that 
can be tolerated indefinitely without interfering with a sustained high level 
of production. The amount lost through erosion can be no greater than that 
replaced through soil building processes. T values have been established for 
all soils. They range from 2 to 5 toms per acre per year. 


Use of the USLE in the National Resource Inventories (NRI).--SCS gathered data 
from each NRI sample point to determine each factor in the USLE. The annual 

soil loss per acre was computed at each point classified as "all cropland," 

"cultivated cropland," "forest land," “rangeland," or "pastureland." Com- 

putations of sheet and rill erosion did not include points in water, snow 

and ice fields, farmsteads, other land in farms, quarries and pits, barren 

lands, or urban lands where C factors were not available and the USLE did 

not apply. 


Wind Erosion Equation 


Wind erosion occurs throughout the Great Plains States and in certain parts 
of other states. SEA developed a formula, the wind erosion equation (WEQ), 
to predict soil losses caused by wind erosion (Skidmore and Woodruff, 1968). 
SCS used the wind erosion equation, which combines the primary factors that 
influence wind erosion, to develop wind erosion estimates for the 10 Great 
Plains states. 


The equation is: E = f(IKCVL). 
E is the potential annual soil loss in tons per acre per year. 


f equals the function of IKCVL. 
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I is the soil erodibility factor. It is expressed as the average annual soil 
loss per acre that would occur from an isolated, level, smooth, unsheltered, 
wide, and bare field with a noncrusted surface at the location reference of 
Garden City, Kansas. 


K is the soil ridge roughness factor. A field is considered smooth, semi- 
ridged, or ridged. 


C is the climatic factor. This factor is based on the average wind velocity 
and on the precipitation-evaporation index for that location. 


V is the vegetative cover. This value combines the quantity, kind, and 
orientation of the residue. The V is expressed as residue equivalent to 
flat, small grain residue. 


L is the unsheltered distance across a field along the prevailing wind di- 
rection. The unsheltered area of a field begins leeward of a protected area 
or from a barrier at a distance of 10 times the effective height of the 
barrier, perpendicular to the prevailing wind direction. 


Use of WEQ in the National Resource Inventories (NRI).--For selected points 
in states where wind erosion is considered a serious problem, SCS tried to 
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determine the value for each factor in the wind erosion equation and compute 
the expected soil loss per acre under existing conditions. This attempt was 
unsuccessful except in the 10 Great Plains states. For the 1980 RCA Ap- 
praisal, therefore, SCS confined the use of the wind erosion equation to 
designated counties in the Great Plains. 


Data on Fish and Wildlife Habitat 


Wildlife Habitat.--Most data used to evaluate wildlife habitat came from the 
1977 National Resource Inventories (NRI) (USDA, 1978b). See page 7-1 for an 
explanation of this inventory. 


For assessing the problems associated with wildlife habitat, SCS evaluated 
NRI data to determine (1) the vegetative diversity, that is, the combination 
of land uses, on each primary sample unit, and (2) the quality of the habitat 
provided by each land use type. 


The diversity and quality ratings are displayed in chapter 3, section D, for 
cropland, forest land, and rangeland, by aggregated subarea (ASA) (see 
glossary). USDA used the diversity and quality ratings independently to 
identify potential wildlife habitat problem areas. 


Wetlands.--USDA compared wetland inventory data collected in 1954 by the Fish 
and Wildlife Service to wetland inventory data collected in 1977 by SCS in 
order to determine the annual rate of wetland loss. See table 3D-1 in chap- 
ter 3, section D. USDA estimated the acreage of wetland types 1 and 2 
because these two types were not inventoried in 1977. 


Fish Habitat.--Descriptions of fish habitat problems were based on water 
quality and flow requirements for reservoirs and streams. USDA used the 
Environmental Protection Agency's (EPA) definitions of water quality for the 
following pollutants: nonpoint source nutrients, pesticides, and sediment 
(EPA, 1977). The instream flow approximations are from the Second National 
Water Assessment (USWRC, 1978). 


For farm ponds (see chapter 3, section D), USDA used the SCS reporting 
system. This system records the number of farm ponds and identifies those 
that are adequately managed for fish. 


Water Data 
The primary sources for the water data included in the RCA Appraisal are: 


The Nation's Water Resources, U.S. Water Resources Council (WRC) 1968.--The 
First National Water Assessment, prepared by WRC under authority of the Water 
Resources Planning Act of 1965 (Public Law 89-80), describes the Nation's 
water and related land resources, their use and management problems, and 
WRC findings and recommendations. This first assessment was based upon 
existing data and limited analysis; it relied heavily on the judgment of 
federal and state water officials. Steps were recommended to improve future 


assessments. 


The Nation's Water Resources 1975-2000, WRC 1978.--The Second National Water 
Assessment was prepared by WRC and its member agencies under authority of 
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Public Law 89-80. It presents nationally consistent data on current and 
projected water use and supply by regions and aggregated subregions (ASR's) 
and on present and emerging critical (severe) water problems. 


WRC initiated the Second National Water Assessment in October 1974. Analysis 
of the data used 1975 as the base year. WRC and made projections for 1985 
and 2000. The United States (including Alaska, Hawaii, and the Caribbean) 
has 21 water resources regions, which for the purposes of the Second National 
Water Assessment were divided into 106 aggregated subregions. A subregion 
consists of one basin or a group of basins for which data could be collected 


and compiled. WRC compiled comprehensive data and information for each 
subregion. 
This assessment was performed in three major phases: (1) nationwide ana- 


lysis, (2) specific problem analysis, and (3) national problems analysis. 


The nationwide analysis was conducted by WRC member agencies. It reflects 
their views of existing and future water requirements, the nature of 
problems, conflicts associated with efforts to meet the requirements, and 
implications for the future. 


The specific problem analysis was conducted on behalf of WRC by a group in 
each of the 21 water resources regions. Each group was composed of repre- 
sentatives from state and federal agencies. The specific problem analysis 
viewed resource conditions and problems from a state and regional per- 
spective. 


For the national problems analysis, WRC used the results of phases one and 
two to assess national problems. The report gives an overview of water 


resource management problems at the national, regional, and subregional 
levels* 


The assessment consists of four volumes (and drafts thereof), statistical 
appendices, technical memoranda, technical committee reports, nationwide 


analysis of functional uses and supplies, and contributing agencies' open 
files. 


O Volume 1, December 1978: Summary 
(Highlights water supply, water use, and critical problems. 


Oo Statistical Appendix, Vol. A-1, 1978 Draft: Economics, Social, and 
Environmental Data 
Lists numerical data by aggregated subareas (ASA's) (see glossary) for 
1975 and, in most cases, as projected to 2000. Data include population, 
employment, and income earnings; land and water areas, cropland har- 
vested, irrigated land, and forest land conversion; erosion estimates, 
flood damages, recreation requirements, navigation commodities, wilder- 
ness areas, stream miles, and streams meeting water quality standards; 


and heat, biological oxygen demands, and total suspended solids in 
water. 


Oo Statistical Appendix, Vol. A-2, Parts 1 & 2, 1978 Draft: Water Supply 
and Use Data 
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Lists numerical data by aggregated subregions (ASR's) including monthly 
and annual streamflow analysis; surface storage; ground water storage, 
withdrawals, and mining; and imports, exports, evaporation, instream 
flow uses, offstream withdrawals, and consumption. 


Statistical Appendix, Vol. A-3, 1978 Draft: Streamflow Conditions 
Displays selected statistics at gages, annual and monthly streamflows by 
frequencies, and critical period analyses, by ASR. 


Appendix, Vol. B, 1978 Draft: Methodologies and Assumptions 
Documents how member agencies of the WRC arrived at specific data. 


Part III, 1978 Draft: Functional Water Uses 

Discusses the Agricultural Resource Assessment System (ARAS) in the 
chapter "Food and Fiber Production and Related Resource Considerations," 
one of 13 functional use chapters. 


Part IV, 1978 Draft: Water Supply and Water Quality Considerations 
Presents information on water supply, requirements, and balances; pollu- 
tion and water quality issues; and aspects of water allocation and 
management. 


Part V, 1978 Draft: Regional Assessment Summaries 

Contains brief statements covering each region or land area, major river 
systems and the water supply situation, goals and objectives, a synopsis 
of water-related problems and issues, and general conclusions and recom- 
mendations. 


Estimated Flood Damages, Appendix B, January 1977: Nationwide Analysis 
Report 

Contains the WRC Technical Committee report on nationwide flood damages 
for 1975, 1985, and 2000. It shows the effects of flooding by upstream 
and downstream areas, by monetary damages to urban, agricultural, and 
other properties, by areas inundated, by communities with flooding 
problems, and by severity based on selected criteria. It evaluates this 
information and discusses its implications. 


Preliminary Upstream Flooding, USDA open file, 1975 

Contains the USDA inventory and analysis of upstream flooding estimates 
that were submitted to WRC. The file outlines USDA's methodology, 
assumptions, findings, and analysis. 


Livestock Water Use, Appendix C-1, July 1975: Nationwide Analysis 
Report 

Contains USDA estimates and projections of livestock water use. The 
requirements (use) are based on (1) drinking water and other water use 
rates, and (2) livestock production. Severe livestock water problems 
are discussed. 


Domestic Water Use from Non-Central Systems, Appendix C-2, July 1975: 
Nationwide Analysis Report 

Contains USDA determinations of 1975 and projected water requirements 
for self-supplied systems, based on per capita consumption and the 
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number of noncentral system users. A companion appendix (C-3) provides 
data on domestic water use from central systems. 


O Outdoor Recreation Requirements and Related Problem Issues, Appendix D, 
May 1975 Nationwide Analysis Report 
Uses estimates and projections by USDI's Bureau of Outdoor Recreation 
(now the Heritage Conservation and Recreation Service) of water and 
related land areas needed for outdoor recreation. It outlines nine 
problem issues and lists the attributes and concerns for specific areas 
(stream reach miles or lake and adjacent areas) that are of critical 
environmental concern. 


1972 OBERS Projections: Series C and E Population, WRC 1974.--OBERS series 
are projections of economic activity for the Nation and states, and for 


economic, statistical, and hydrologic areas. They include projections of 
population, personal income, employment, and earnings by persons and by 
industry. Agricultural projections include commodity production and value 


and the use of land for farming. (See "Demand for Agricultural Products" in 
chapter 2 for an explanation of the OBERS series.) 


Both OBERS Series C and E were published for 1972. Series C assumes birth 
rates higher than experienced in the late 1960's and early 1970's. Series E 
assumes a birth rate that will eventually result in no further population 
growth except through immigration. The Series E assumption results in a 
population of 264,430,000 in the year 2000. Series E is the most widely used 
in population projections. 


O 1972 OBERS Projections Supplement: Series E' (Prime), May 1975, WRC 
The agricultural portion of the Series E was revised in 1975 to reflect 
changes in domestic consumption patterns and increased exports. Exports 
were assumed to be higher than in the 1960's but below the high levels 
of the early 1970's. These revised projections, referred to as E Prime 
(E'), are the most widely accepted estimates used in resource planning. 


Agricultural Resource Assessment System (ARAS), USDA open file, 1977.--USDA 
analyzed possible future use of water for agricultural purposes with the help 


of an interagency technical advisory committee. To perform the statistical 
work, USDA combined a national agricultural simulation model developed by 
ESCS and a linear programming model developed by Iowa State University (see 
"The 1980 RCA Yield/Soil Loss Simulator" and "The CARD-USDA National Agri- 
cutlural Linear Programming Model" in section B). Information is presented 
on the quantities of water potentially available and the estimated use of 
water by agriculture, and on the potential economic and environmental effects 
of alternative policies. Data on acreages, yields, demands, and other 
factors are projected under an array of possible circumstances. 


Crop Consumptive Irrigation Requirements (CIR) and Irrigation Efficiency Co- 
efficients for the United States, SCS-USDA, June 1976.--Monthly CIR, con- 


veyance and onfarm efficiencies, and incidental losses are listed by crop by 
subareas within each state for average dry-year conditions. The 3,900 
entries are nationally consistent; most were computed using the Modified 
Blaney-Criddle Method outlined in Soil Conservation Service Technical Report 
21. The 23-page narrative preceding these tabulations presents a national 
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overview of irrigation water requirements and efficiencies, and it presents 
possibilities for future efficiencies. 


Irrigation Water Use and Management, An Interagency Report, USDI, USDA, and 


EPA, June 1979.--Federal agencies jointly produced this 133 page report in 
response to issues raised by the Comptroller General of the United States on 
the efficiency of onfarm and irrigation conveyance systems. The states were 
represented by the Governor of Utah in his role as Chairman of the Subcom- 
mittee on Water Management, Natural Resources and Environmental Management 
Committee of the National Governor's Association. 


Preparation of this report included-- 


(1) compilation of relevant data and information on the development of 
irrigation in the United States. 


(2) review of the legal and institutional aspects of water use. 
(3) review of current state, local, and federal programs. 
(4) assessment of the causes and results of inefficiencies. 


(5) analysis of the measures, costs, and effects of improving irri- 
gation water use and management in the 17 western states. 


(6) presentation of the special problems related to irrigation in humid 
areas. 


(7) presentation of a statement on approaches to implementing water 
conservation programs in irrigated agriculture. 


Major features of the report are a series of conclusions, 16 recommendations 
for action, and the views of the states. 


The report documents the data used in preparing the analysis. It includes as 
much information from the participating state and federal agencies as pos- 
sible. No new data were collected in the 17 western states, but some data 
were updated and aggregated for the study. The Soil Conservation Service and 
the Extension Service, however, gathered additional information in the 31 
eastern states. This information included the amount of irrigated land, the 
water supply for irrigation, the types of irrigation systems, and the average 
depth of irrigation water, by state. 


The report presents data and information by irrigation characterization areas 
and presents case studies to emphasize and highlight selected situations. 
The report also presents irrigation water budgets with and without an accel- 
erated irrigation water conservation program for the 17 western states. The 
accelerated program is based on field technicians’ estimates of the measures 
that most farmers would undertake if adequate incentives were available. The 
level of improvement is consistent with that already achieved by the more 
progressive irrigation farmers, who use current private and public technical 
and financial sources of assistance. 


Weather and Water Allocation Study, USDA, Draft, November 1978.--This report 
assesses Climate and weather conditions in the United States and the possible 
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impacts of changes in them on the Nation's economy and future food and feed 
availability and prices. It also reviews water allocation policies and 
considers strategies and techniques for dealing with water shortages. 


Summary Appraisals of the Nation's Ground Water Resources (by Water Resource 
Region), USGS Professional Paper(s) 813.--This series of papers presents 


information on the distribution, availability, and quality of ground water 
and its importance in regional water supplies. It discusses alternatives for 
Managing ground water in water resource planning and development. 


Upstream Flood Damages, June 1979.--This report, prepared for SCS _ by 


Charles W. Williams, Inc., provides an assessment of rural flooding damage 
and of costs and benefits of programs to reduce damages. 


National Water Data Exchange (NAWDEX) Program.--NAWDEX is a national con- 
federation of water-oriented organizations working together to improve access 


to water data. Federal and Nonfederal Interagency Advisory Committees on 
Water Data for Public Use, working under the auspices of the U.S. Geological 
Survey (USGS), acquire, store, and disseminate water data as prescribed by 
Circular A-67 (Office of Management and Budget, 1964). NAWDEX is designed to 
assist users of water data in identifying, locating, and acquiring needed 
data. NAWDEX indexes data held by others and provides a central source of 
available information on water. 


NAWDEX has direct access to several large water-data bases: 


1. The Water Data Storage and Retrieval System (WATSTORE) is a USGS 
file containing data on streamflow, water quality, sediment dis- 
charge, and ground water levels. 


28 The Storage and Retrieval (STORET) system of EPA contains observa- 
tions on the quality of both surface and ground water. 


6. The Environmental Data Service (EDS) of the National Oceanic and 
Atmospheric Administration (NOAA) in the U.S. Department of Com- 
merce provides bibliographic and data services through its Oceanic 
and Atmospheric Scientific Information System (OASIS) and environ- 
mental references through its Environmental Data Index (ENDIX). 


4. The Water Resources Scientific Information Center (WRSIC) of the 
U.S. Department of the Interior's Office of Water Research and 
Technology has computerized abstracts on water resource subjects. 


Di The Texas Natural Resources Information System (TNRIS), the Iowa 
Water Resources Data System (IWARDS), and the Regional Environ- 
mental Assessment Program (REAP) are examples of accessible data 
sources maintained by state and regional organizations. 


NAWDEX refers to a number of storage and retrieval systems. These systems 
include: National Stream Quality Accounting Network (NASQAN)--445 of 525 
planned stations measure the quality of America's streams; Water Use Infor- 
mation System (WUIS)--generating plant information, cooling, and operation 
assist energy planners; Snow Telemetry (SNOTEL)--remote signals relay snow 
and rainfall data for forecasting water supplies. 
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Literature Search 


The 1977 National Resource Inventories (NRI) contained the following kinds of 
data for nonfederal lands: land use, conservation treatment needs, soil 
capabilities, prime farmlands, potential croplands, sheet and rill erosion, 
wind erosion, irrigation, water bodies and streams, use of small water areas, 
flood prone areas, and wetlands. The RCA Appraisal used NRI data directly as 
reported in some instances; in others, it further analyzed and interpreted 
these data to show specific conditions or problems. The RCA Appraisal also 
used other national inventories: 


aU The Soil Conservation Service's 1963 Range Condition Survey on 
Nonfederal Lands, by B.W. Allred (SCS Special Survey) 


2 The Soil Conservation Service's 1977 Range Condition Survey on 
Nonfederal Lands (SCS Special Survey) 


3's The Soil Conservation Service's 1973 Brush Inventory for Nonfederal 
Lands in the United States, by Lorenze Bredemeir (SCS Special 
Survey) 

4. The Soil Conservation Service's 1958 Conservation Needs Inventory 

ye The Soil Conservation Service's 1967 Conservation Needs Inventory 

6. The Soil Conservation Service's Status of Land Disturbed by Surface 


Mining in the United States: Basic Statistics by State and County 
as.ot July =is 19/7 


TS The Environmental Protection Agency's 1975 National Water Quality 
Inventory 


8. The Environmental Protection Agency's 1978 National Water Quality 
Inventory 


9. The U.S. Water Resources Council's 1968 First National Water 
Assessment 


10. The U.S. Water Resources Council's 1978 Second National Water 
Assessment 


11. The National Association of Conservation Districts’ 1977 Inventory 
of Private Recreation Facilities 


12. The Fish and Wildlife Service's 1973 National Survey of Hunting, 
Fishing, and Wildlife-Associated Recreation 


13. The Forest Service's 1977 Forest Statistics of the United States 
The data in these inventories were compared to and supported by information 
taken from other special reports, research papers, publications, and other 


sources. Other technical documents providing both data and information were 
obtained through searches of eight computer data bases. 
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A task group of resource specialists and researchers employed by SCS, the 
National Agricultural Library (NAL), and the Library of Congress searched 
these data bases. The group developed search strategies for various resource 
concerns according to NAL Technical Information Search procedures. They 
surveyed more than 1.5 million technical publications and studies, from which 
they selected a bibliography of more than 6,000 sources containing data or 
information on renewable natural resources, their management, related prob- 
lems, and use. They reviewed about 400 of the most specific and relevant 
papers in detail, summarized them, and used them as support information for 
the 1980 RCA Appraisal. About 200 of these items are cited in Part I, which 
reviews the status, condition, and trend of soil and water resources. 


Section B-Modeling 


The CARD-USDA National Agricultural Linear Programming Model 


The ability to predict the response of the Nation's agriculture to changes in 
agricultural policy is essential to the formulation of that policy. A linear 
programming model of the Nation's agricultural sector is helping the U.S. 
Department of Agriculture predict the effects of proposed policy changes. 


The Center for Agricultural and Rural Development (CARD), at Iowa State 
University, and the United States Department of Agriculture developed the 
National Agricultural Linear Programming Model. This model processes 
selected data about the agricultural economy and produces tables that can be 
summarized or aggregated for policymakers. It uses the following variables: 
(1) the cost of producing agricultural goods, (2) the activities involved in 
producing, processing, and transporting these goods, (3) the demand for the 
goods, and (4) the resources available to produce the goods. The markets in 
the agricultural economic system are considered in the formula. Controls 
over resource use or governmental constraints on the use or production of 
commodities are also considered in the formula. 


Policymakers can use the linear programming model to evaluate alternative 
policies. They can add new markets to the model if a new policy requires 
them. They can change the model to reflect changes in demand, availability 
of resources, costs, or the level of activity required for crop production. 


Some of the effects of policy alternatives that the linear programming model 

can evaluate are listed below. 

fo) Regional availability of resources.--The model can evaluate the effects 
on crop production of policy changes affecting land use, water rights, 
or resources. 


fo) Soil loss limitations.--The model can predict the soil loss that would 
occur on marginal cropland if that land were brought into crop produc- 
tion. 

) Fertilizer use and prices.--The model can evaluate the effects of higher 
fertilizer prices on fertilizer use and, by extension, yields and crop 
rotations. 

fe) Demand.--The model can predict how changes in patterns of consumption 
would affect the production of agricultural products. 

Oo Exports.--The model can predict how changes in foreign demand for 
agricultural products would affect agricultural production. 

fo) Farming techniques.--The model can evaluate the effects of irrigation, 
crop varieties, technology, and tillage practices on crop production. 

fo) Changes in prices of agricultural products.--The model can analyze 


changes in the amount or location of agricultural production resulting 
from changes in the prices of agricultural products. 

O Environmental policies.--The model can evaluate the effects of envi- 
ronmental policies that constrain use of erodible land or that require 
production of certain agricultural products. 


Because of the wide variations in climate, soil, and farm structure in 


American agriculture, the model must allow for possible regional adjustments. 
These adjustments reflect markets and activities in which demands for prod- 
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ucts or constraints on the availability of resources are determined within a 
single region. The model uses transportation networks to balance demand and 
resource interactions among regions. 


The CARD-USDA National Agricultural Linear Programming Model, therefore, is 
an interregional model. It contains data about the resources of each region 
and about the production techniques used there. It imposes constraints on 
the availability and use of resources and on commodity production, proc- 
essing, and transportation. 


Limitations of the Linear Programming Model.--The National Agricultural 
Linear Programming Model is useful and versatile in evaluating alternative 


agricultural policies. It assumes that each unit of input to production 
results in the same amount of output. Further, it assumes that there are no 
differences in the efficiency of operations of different size. These 


characteristics provide a normative model that predicts the location of 
production, the amount of production, and the cost of production. This type 
of model, however, does not provide much direct information on how a program 
could be developed to carry out specific policy alternatives. A model that 
would provide this information could be formulated, but it would be difficult 
and expensive to develop. The National Agricultural Linear Programming 
Model, therefore, is useful in impact analysis, but it is less reliable for 
transformation analysis. 


The model can provide a large amount of information about the direction and 
possible effects of any policy. As in any modeling effort, however, inter- 
pretations must be strictly in line with the capabilities of the model; no 
model is more accurate than the data used as input. The production, 
processing, and transportation activites must be accurately recorded and 
entered. Failure to include the appropriate variables could restrict the 
system as it searches for the optimum solution. If the proper variables have 
not been provided, the model may not provide accurate simulations. 


Contact Ernest V. Todd, RCA Manager, Room 5123, P.O. Box 2890, Washington, 
D.C. 20013, for a more detailed description of the CARD-USDA National 
Agricultural Linear Programming Model. 


The Farm Enterprise Data System 


The Agriculture and Consumer Protection Act of 1973 (Public Law 93-86) 
directs the Secretary of Agriculture to annually estimate the costs of 
producing certain major commodities under the various production practices 
and to establish a current national weighted average cost of production. 
Consequently, the U.S. Department of Agriculture conducts comprehensive 
research on costs of production through the Commodity Economics Division 
(CED) of the Economics, Statistics, and Cooperatives Service (ESCS). 


Data for the costs of producing crops come from a variety of sources. The 
primary source is a 1974 survey of more than 4,000 producers. Many other 
units in ESCS and in other USDA agencies contribute data and information. 
Land-grant universities help process the data and review enterprise budgets. 
The CED commodity program areas provide the final estimates for their re- 
spective commodities. The major commodities are cotton, corn, grain sorghum, 
barley, wheat, soybeans, peanuts, flaxseed, oats, and rice. 
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The Farm Enterprise Data System (FEDS) processes and evaluates these data. 
The FEDS procedure is designed primarily to provide annual updates of cost 
estimates between surveys and to provide projections of costs for the up- 
coming crop year. The CARD-USDA linear programming model uses the FEDS 
budgets to make cost estimates of production. 


Applied Conservation Effects System 


In 1978, the Soil Conservation Service (SCS) developed a system to determine 
the effectiveness of soil and water conservation measures installed with the 
assistance of the Conservation Operations Program. SCS designed the Applied 
Conservation Effects System (ACES) to assess the effects of conservation 
Management and practices on erosion rates, long term soil productivity, 
energy use, water use, and volume of surface runoff. ACES also evaluates the 
investment for and long term economic effects of conservation management. 
SCS established certain data files within the ACES computer system to store 
more field data that could be used in calculating the effects of conservation 
management. In its calculations, the ACES computer system uses a statisti- 
cally reliable sample of major land resource areas (MLRA's) within and among 
states. Because of the varied demands on SCS field personnel, ACES is de- 
signed to operate effectively with only the most essential field input. 


Major land resource areas are characterized by particular patterns of soil 
(including slope and erosion), climate, water resources, land use, and type 
of farming (Austin, 1972). MLRA's for the 48 conterminous states were 
originally mapped and described in 1965. They were slightly revised in 1972. 
A complete revision now being published includes Alaska and Hawaii (see figs. 
7B-1 and 7B-2). However, this revision was not available in time to be 
incorporated into the ACES calculations. For ACES calculations, the original 
MLRA boundaries were adjusted to coincide with county boundaries (fig. 7B-3). 


The ACES model also uses the Water Resources Council's (WRC) aggregated 
subareas (ASA's) (see glossary) (fig. 7B-4). WRC recognizes more than 200 
hydrologic subregions in the Nation. The subregion boundaries have also been 
adjusted to coincide with county boundaries, and these adjusted subregions 
are called hydrologic subareas. The hydrologic subareas have been aggregated 
into 106 ASA's for computing purposes. 


In October 1978, SCS requested that state office specialists furnish certain 
data on selected MLRA's in their states (see table 7B-1). It requested data 
from about 1,000 counties nationwide. Because data from the field were to be 
expanded and analyzed according to capability class and subclass (see "land 
capability classes and subclasses" in the glossary) or other classification 
systems, for example, range productivity groups, SCS requested data from a 
representative soil series for each class-subclass combination in the MLRA. 


The raw data were punched onto computer cards and loaded into "online" data 
files for the ACES computer program. The following paragraphs describe the 
resource data sets. 


Data Set 1.--This data set contains the names of representative soil series 
and pertinent data for each, including the erodibility factor for the surface 
layer (see "Universal Soil Loss Equation" in Section A), available water 
capacity in inches of water per inch of soil, soil loss tolerance value (see 
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Table 7B-1.--Major land resource areas included in the 
Applied Conservation Effects System, by state 


State Major land resource areas 


CLEAN Ga ect a Pe nent 29 hot 0 
Alaska--------------- 158 

Ota 30, 35) 307 39,3407 °41 
Arkansas------------- L1G) weet Os Pio to lerto2, (163, 134 
California----------- 5 TG) wo etiy® 19 90° 21% 29 Mag 302937 
Colorado------------- 45948575), 67), 69", 972 
Connecticut---------- 144, 145 

Delaware------------- 149, 153 

Florida-------------- 138, °dS65 15256153 S154, 1559 156 
Georgia-------------- 128 130,130, 13650 137s 153 

Hawaii ~===———-—-+-—-=— As appropriate 

GO OY Oi ah od Tale O57 10 el eee 3 25 28s ao, ae, a 
Illinois------------- 952 e105, 20S Ot 115.114 e115 
Pod?Pana==—=———— =~ =o O85 TL Ope ie lee el See O21 lee 
fowa-~----=------ #---- Oe tet OSee LUG LOD Ope LOS mat 09 

I eS ree males =m ed a heen) A ote PO eA LT ee G07 Ob OU ea L0G, 107 we L12 
Kentucky------------- P2012 te 122 125% 1335 ee 

PA Dee eRe ome ime mire jeep aisle, aleieke ciel ipe alee 
Maine-----~--=-~------ 14357144, 146 

Maryland----=-------- $275 147,148 ,°1495° 153 
Massachusetts-------- 144, 145, 149 

Michi gan--<-----===-- 925°°93,794."95, 97, 98,99, 7111 
Minnesota------------ 56, 57, 88, 90, 102, 103, 104, 105 
Mississippi---------- 13160135, 2134501305 

Missouri------------- 107% $109 O9T12 113 Tie el 166e 151 
Montana-------------- 3% 46" 92995, 8Doy OF 
Nebraska------------- G48 05 4 O05 OU pel Le ar 2 ye) aaa etl 2 ye 106 
Nevada-=--------=---- 23% 42) 20a eo Se 

New Hamsphire-------- 143, 144 

New Jersey----------- 144, 147, 148, 149 

Newetex) CO-—--———=——= Sle ey Roms a ang TAT cw Walls 9a 

New York------------- 101 5°140,5°1425 146501445" 149 

Nortn Carolina-----~- $30,99153 01505) 1357 fel oo 

Novo Dakota-—--~—---- Ie 4 OOO; Oo 

page —ceretee- seo 99 F100)" 1118114 eateee 26,6139 
Oklahoma------------- 7S, Oe pero Us OOLeto or, etic 1 Ons ld] 11s) ero 
Oregon--------------- avery Merete oly US seas 
Penusylvania-=——----- 126, °127, 140, =1475 "148 
PleYrcomnkLCO==———"——=< As appropriate 

Rhode Island--------- 144 

Soucm Carolina----=-= S330, elo weet 

South Dakota--------- D3 fiD4 Ob, Do eeOU, 01, 025903,.04%, 66, 102 
Tennessee--7----7-----"- 1226 123; 25, 125% 150; yes le ate ee 134 
Texas---------------- oe (ae Oy POU 4eO lao, 65, 54, 85,86, 8/,"°133, 150 
Utah----------------- Os ST ys 


129 


Vermont 
Virgini 
Washing 
West Vi 
Wiscons 
Wyoming 


Table 7B-1.--Major land resource areas included in the 
Applied Conservation Effects System, by state--Continued 


State 


2 eis eae 
COR Ss snes sane 
bap WB al 
£0 Se sie mee 


Major land resource areas 


142, 143, 144 

125, 128, 130; 33320036 euk47 -v148 0149 193 
12 ib Nee ew Be 

125 Sot 6 Avo 7 mel oR elas 

90, 91, 93, 95, 105, 110 

34, 43, 58, 61, 67 
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"Universal Soil Loss Equation"), wind erosion group, and hydrologic group. 
In peoet to provide approximate fetch values for the wind erosion equation 
(see "Wind Erosion Equation" in section A), the states provided a mean field 


width for all soil capability class-subclass combinations where wind erosion 
was a problem. 


Data Set 2.--This data set contains production index values for each of five 
levels of pasture and hayland management. Levels range from improper use and 


management to proper use and management. Data are for the part of each state 
within an MLRA. 


Data Set 3.--For the part of a state within an MLRA, state specialists 
recorded the major crop rotations used in the 5 years when erosion was most 
severe in that region. For each rotation, they listed associated C factor 
values (see "Universal Soil Loss Equation," section A), for three levels of 
crop residue use. C factors were listed for both dryfarmed and irrigated 
cropping systems. 


Data Set 4.--This data set contains the additional information needed to 
calculate soil loss as a result of wind erosion on dryfarmed and irrigated 
cropland in that part of a state within an MLRA. State offices supplied 
several types of information: 


‘les Mean soil ridge height and spacing in inches 


7 ips Mean amount of crop residue remaining on the soil surface, in 
pounds per acre 


32 Mean amount of crop residue equivalent to pounds of flat small 
grain per acre 


Data Set 5.--Calculating the increase in irrigation efficiency provided by 
water conservation practices required data on "prior to" and "follow up" 
levels of efficiency. Data set 5 contains data on the level of efficiency of 
onfarm mainline conveyances, field distribution systems, and irrigation water 
application using surface, sprinkler, and trickle systems. Data on the level 
of efficiency were recorded as percentages of the potential efficiency. 


Data Set 6.--SCS requested that state range conservationists group range 
sites into four productivity groups for the part of a state within an MLRA. 
Because these productivity groups are consistent with the systems used by the 
Forest Service and the Bureau of Land Management, the ACES range data are 
directly comparable to and compatible with other surveys and evaluations. 


Data Set 7.--Data set 7 contains more data for evaluating rangeland. SCS 
assembled the following data for each range productivity group within an 
MLRA: 


1. Mean steepness of slope (percent) 

2 Representative hydrologic soil group 

3. Representative K factor (see "Universal Soil Loss Equation," sec- 
tion A). 
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a Mean pounds per acre of available forage, by range condition class 
in each productivity group 


Data Set 8.--The evaluation of woodland required information on C factor 
values for each of four ground cover classes within an MLRA. In addition, 
field offices ranked and assigned woodland suitability groups to one of five 
annual production categories. For each annual production category, the field 
offices provided the most representative soil series and hydrologic soil 
group. Using these data and data from specific woodland sites, ACES can 
evaluate how woodland practices affect production and runoff. 


Data Set 9.--In order to evaluate changes in runoff, ACES required rainfall 
data. SCS selected the 2-year, 24-hour probability storm as the benchmark 
for evaluating runoff. Field offices noted the inches of rainfall for the 
2-year, 24-hour storm for the part of each state within an MLRA. 


O Wind Erosion C Value Maps.--SCS requested that each state in which wind 
erosion was a problem supply a copy of the C value map from their Tech- 
nical Guide. The values on the maps were then recorded for use in ACES 
wind erosion computations. 


The RFF Model for RCA 


Resources for the Future (RFF), supported by a grant from the National 
Science Foundation, has developed a model that for the first time links 
pollution-generating activities in each of the Nation's counties to a de- 
tailed network of 304 rivers, 175 lakes and reservoirs, and 37 bays. Through 
simple mathematical transport relationships, this model can relate water 
quality at one location to pollutants that may originate several hundred 
miles upstream. It can also predict the ability of lakes and reservoirs to 
trap and otherwise eliminate pollutants. 


The network includes 1,306 nodal points (points at which estimates of pol- 
lution levels are made) on rivers, reservoirs, lakes, and bays. Depending on 
drainage patterns, each of the Nation's 3,209 counties is assigned to at 
least one of these nodal points. Industrial, municipal, agricultural, and 
other nonpoint pollution sources (see glossary) are grouped by county. The 
model estimates the amount of pollutants discharged by these sources, how 
this amount is affected by policy, and how much the pollutants affect water 
quality. By adopting standard data classification schemes, the model can use 
industrial, population, agricultural, pollution, and hydrologic data files 
maintained by various federal agencies. 


The model is part of a larger evaluation process that involves three major 
steps: determining how policies can affect residual discharges from both 
point and nonpoint sources, allocating these discharges to counties, and in- 
serting the pollutants into the water network model to compute the resulting 
ambient concentrations. 


Water Network Design.--Water bodies in the network were ranked according to 
(1) their size, (2) the amount of pollutants they receive, and (3) the size 
of their drainage area. For example, RFF tried to include all rivers with 
average flows exceeding 1,000 cubic feet per second (cfs) at their mouths. 
However, because they did not receive large amounts of pollutants and runoff, 
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seven rivers in the Northwest were excluded even though their average flows 
exceeded 4,000 cfs. 


On the other hand, some relatively small rivers--such as the Charles in 
Massachusetts and the Cuyahoga in Ohio--were included because they received 
pollutants from major urban areas. A number of very small rivers in arid 


western areas were included because they received runoff from two or more 
counties. 


Bays, lakes, segments of ocean shorelines, and reservoirs were included if 
they met the three criteria listed above. Many reservoirs that did not meet 
the criteria were also included if they interrupted the flow of a river in 
the network. 


Many short tributaries and streams were excluded from the network even though 
they received pollutants. The model assumes that travel time along these 
short tributaries to the main river is negligible and that their pollutants 
arrive intact. 


fo) Nodal points.--RFF segmented the water bodies selected for the network 
in order to locate the nodal points. Nodal points on rivers are near a major 
population center, where a major tributary enters the network, or at the 
beginning of an estuary, the entrance to a reservoir, or the river's mouth. 


Additional nodal points were established if the distance between the points 
selected according to these criteria was very large and if the river had 
passed through four or more counties. 


In all, RFF established 1,051 nodal points on rivers and 249 along bays, 
lakes, and ocean shorelines. The average distance between nodal points is 66 
miles. Because the network's average river is 165 miles long, there are 
about 3.5 nodal points per river. A major river, such as the Mississippi, 
obviously has many more. 


Where possible, in order to simplify data development, nodal points were 
colocated with United States Geological Survey (USGS) long term streamflow 
measuring stations. Unfortunately, about 40 percent of the nodal points were 
not colocated. 


Each county in the United States (except for 13 completely arid counties) is 
assigned to at least one nodal point. Where the county's drainage went into 
more than one water body in the network, the county was assigned to more than 
one nodal point. The assignment was based primarily on Soil Conservation 
Service runoff maps. In some places, however, municipal pollutants are 
channeled into water bodies where they would not go if natural drainage 
patterns were followed. Where such situations existed, the runoff maps were 
ignored. For example, the natural direction of flow of the Chicago River has 
been reversed. Therefore, the model reflects the fact that the Chicago River 
rather than Lake Michigan receives point source pollutants. 


Although the resulting network is quite large, it is not totally connected. 
There are 44 independent subnetworks. River-lake-reservoir-bay linkages in 
any given subnetwork can be quite complex. The Mississippi subnetwork, for 
example, contains 124 rivers and 78 lakes and reservoirs. 


ATI 


Oo Sediment delivery ratios.--The RFF model uses sediment delivery ratios 
to estimate the percentage of gross soil erosion that reaches waterways. 
Iowa State University developed the sediment delivery ratios as part of their 
National Model of Sediment and Water Quality. Wade and Heady (1976) give 
complete details on the development of these ratios. 


The sediment delivery ratio is the ratio of observed sediment in the outflow 
from a producing area to gross soil erosion in that area. Where one pro- 
ducing area receives sediment from an upstream area, such sediment transport 
is not used in calculating the downstream area's sediment delivery ratio. 
Where estimates of sediment outflow were not available, sediment delivery 
ratios for nearby producing areas were used. Thus, sediment delivery ratios 
estimate the percentage of the total amount of soil eroded in a producing 
area that reaches the point where streams flow out of that area. 


In the RFF model, these ratios estimate the total amount of sediment deliv- 
ered to streams from each county in the producing area. This methodology 
rests on two key assumptions: (1) that sediment discharge (and, by implica- 
tion, gross soil erosion) occurs directly in proportion to the acreage of 
cropland and (2) that the sediment delivery ratio for the entire producing 
area is the same for each county within the producing area. 


Operation of the Model.--Given estimates of industrial, municipal, household, 
and agricultural activities by county, the model inserts the residual pol- 
lution levels associated with these activities into the network. Point 
source residual pollution levels are inserted at nodal points; agricultural 
nonpoint source levels are distributed throughout the network. 


The linkage in the model between the economic activities and the residual 
pollution levels depends on a large inventory of data on pollution generation 
and pollution control by industrial and nonindustrial sources. Many of these 
data show pollution levels at specific industrial facilities, although in 
most cases the necessary county detail has to be estimated from employment 
patterns and from information contained in a large number of industry 
studies. Many of these studies were undertaken in connection with the 
drafting of environmental regulations. Because there are over 3,000 
counties, as many as 170 industrial sectors per county, nine pollutants 
(oxygen demanding loads, nitrogen, total phosphorus, dissolved solids, sus- 
pended solids, heavy metals, fecal coliform bacteria, oil and grease, and 
wastewater), and four assumed levels of residual control, this inventory 
contains over 18 million pieces of information. 


Once estimates of the residual pollution levels are inserted into the net- 
work, the model estimates downstream concentrations. Conservative pollutants 
are merely diluted; nonconservative pollutants are subject to exponential 
decay. The parameters describing the rates of decay usually depend on both 
the concentration of the pollutant and the temperature of the water. Dis- 
solved oxygen is estimated using a version of the Streeter-Phelps relation- 
ship. 


These transport relationships require such data on stream and lake character- 
istics as flow, velocity, temperature, volume, and depth. While flow data 
are fairly readily available (except in estuaries), much of the other data 
had to be developed from unpublished records kept in regional USGS offices. 
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In many cases, missing data had to be estimated. 


Strengths and Weaknesses of the Model.--The principal strength of the RFF 


National Water Network Model is that it provides estimates of water quality 
in specific bodies of water nationwide. It is thus indispensable in the 
analysis of comprehensive national policies affecting water quality. However, 
the simplifications necessary for its national coverage may not be adequate 
for the detailed analysis of specific situations. The model was never in- 
tended for microanalysis. 


Although there are no standard measures of accuracy for these sorts of esti- 
mates, some indication of the performance of the model can be obtained by 
comparing "base year" (1972) concentration estimates with recorded obser- 
vations taken at about the same time. About 10 percent of the network's 
nodal points correspond to official monitoring stations where actual mea- 
surements are made for one or more of the nine pollutants estimated in the 
system. 


Although verification efforts have not been completed, certain preliminary 
conclusions can be drawn. The system appears to have a tendency to over- 
estimate concentrations, partly because the relatively small number of nodal 
points in the system implies that loadings will be too heavy at single geo- 
graphical points and partly because it is assumed that certain pollutants 
(such as dissolved solids) are conserved throughout the network (when in 
reality they are not totally conserved). However, the trend of concentration 
from one point to another seems to be estimated fairly well. A profile of 
biological oxygen demand concentration in the Ohio River illustrates these 
conclusions. The model apparently overestimates biological oxygen demands in 
the Pittsburgh area; overall, however, it seems to predict the general trend 
in pollution. 


The profile also illustrates certain difficulties in making comparisons 
between the model's estimates and the monitoring data. The major difficulty 
is that the model predicts best and worst conditions in a particular year, 
while the monitoring data describe median conditions over a range of years. 
As a result, the flow conditions at a particular point may not be comparable 
between the measured data and the model. Thus, it is quite possible that in 
1972 the biological oxygen demand reading in Pittsburgh actually approached 
the predicted 10 to 12 milligrams per liter range on the day with the lowest 
flow. Unfortunately, for many rivers--the Ohio included--actual daily 
readings are not available. Perhaps verification exercises will stimulate 
more data collection in waters that the model predicts will be polluted. 


RFF is continually modifying the model is in order to improve its estimating 
ability. Soon, the data on economic activities will be updated to reflect 
the current Census. Also, sediment transport relationships will be intro- 
duced. This latter improvement will enable the model to estimate the concen- 
trations of pesticides, toxic chemicals, and suspended sediment. 


The 1980 RCA Yield/Soil Loss Simulator 
The crop yield simulator was created by Paul Dyke and Linda Hagen of the 
National Resource Economics Division of the Economics, Statistics, and 


Cooperatives Service (ESCS). This simulator quantifies the relationship 
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between soil depth and crop yields. An understanding of this relationship is 
necessary in order to determine the impact of water and wind erosion on the 
inherent long term productivity of the soil. Many factors--for example, 
climate, soil texture, slope, irrigation, and soil tilth--influence this 
relationship. Therefore, any depth-yield relationship developed for use on a 
national basis must address these factors and treat them in a logically 
consistent manner for all regions. Consistent treatment was particularly 
important in this case because the Yield/Soil Loss Simulator was integrated 
into the National Agricultural Linear Programming Model, which simulates long 
term regional shifts in crop production. 


Relationships among yields, fertilizer use, and management methods are not 
addressed in the simulator because these annual decisions were incorporated 
into other parts of the national model. The long term effects of conser- 
vation tillage and crop rotation, however, are addressed because these 
practices affect soil erosion and, therefore, soil depth. 


Data Files.--The data used in the simulator come from three sources: Soil 
Conservation Service (SCS) soil surveys, SCS soil series, and ESCS county 
historical yield data. 


) Soil surveys.--The National Resource Economics Division of ESCS compiled 
data from more than 1,100 published soil surveys (Fritchen and Hanson, 
1979b). The information extracted from the soil surveys consists of 


the soil map unit name, the acreage of that map unit in the county, the 
yields of three to twelve major crops on each soil, soil slope, erosion 
phases, and soil classification. This data file contains about 450,000 
records representing more than 70,000 unique types of soil in the United 
States. The soil survey file, however, did not include information on 
soil depth. 


Oo Soil series.--Information on soil depth was extracted from more than 
12,000 soil series recorded in the SCS Soils-5 data file (Young and 
McCormack, 1979). The Soils-5 file recorded the uneroded depth of three 
soil layers. The depth of the surface layer was then adjusted according 
to the erosion phase (slightly, moderately, or severely eroded) of the 
particular soil. 


O Yield data--The soil surveys used were published during the period 1960 
through 1978. The yields reported in those surveys, therefore, repre- 
sented 19 years of changing technology and farming practices. In order 
to remove this discrepancy, 8 years (1969-77; 318,000 records) of county 
historical crop yield data (collected by the Statistics Division of 
ESCS) were statistically processed into technology-trend lines. From 
these lines, the estimated 1974 yields were recorded. Using these 
values and the map unit acreages as weights, the soil survey yields were 
adjusted to represent an average yield for each crop at the 1974 tech- 
nology level (Fritchen and Hanson, 1979a). These adjusted yields were 
called normalized yields, but the process of adjustment may provide 
higher yields than might routinely be expected. 


Data Enhancement.--These data files were processed through a series of 
computer programs in order to match codes, verify, reformat, and in general 


prepare a data file suitable for statistical processing. For example, the 
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soil name was processed to give the soil series, the soil texture, and the 
soil erosion phase. Soil series names in the two files were matched in order 
to get a single file containing soil depth, texture, slope, irrigation, 
classification, and normalized yield. State and county identification codes 
were matched with the county synonym file to add geographic identifiers such 
as water resource regions, producing areas, and major land resource areas 
(Dyke and Giardina, 1979; Dyke, 1979). 


Equation Estimation.--The file was divided according to crops in the 18 
geographic water resources regions in the conterminous United States. From 
this file, the 10 major crops used in the National Agricultural Linear 
Programming Model were selected. These crops are barley, corn, cotton, 
legume hay, nonlegume hay, oats, pasture, sorghum, soybeans, and wheat. A 
statistical equation was developed for each crop in each water resources 
region where the crop is grown. In several cases, not enough observations 
were available to quantify relationships, so regions were combined to in- 
crease the statistical reliability of the equations. The number of obser- 
vations used in developing each equation ranged from 300 to more than 4,000 
per crop per region. 


The equation estimates a value of the dependent variable--normalized yields-- 
by quantifying the impact on yield of the independent variables--soil tex- 
ture, irrigation, thickness of the three soil horizons, slope, land capa- 
bility subclass, and location. Once the statistical analysis is carried 
out, specific equations are analyzed, selected, and programmed into the 1980 
RCA Yield/Soil Loss Simulator. 


Applications of the Simulator.--The simulator can estimate the impact on 
irrigated and nonirrigated yields of changing soil depth for soils of varying 
slopes, texture, and land capability subclass, by crop by producing area. 
Erosion rates from the NRI were incorporated into the model and extrapolated 
over 50- and 100-year periods to estimate the change in yields that would 
occur if current erosion rates were to continue unabated. In many producing 
areas, the decrease in yield is as high as 34 percent on some land capability 
subclasses (IIe, IVe, and Vle) (Hagen and Dyke, 1979a). 


An alternative analytic procedure is to remove 1 inch of topsoil at a time to 
determine the incremental effects on yield. This method has the theoretical 
advantage of removing the time element from the analysis. Again, as topsoil 
thickness decreases, yield decreases accordingly (Hagen and Dyke, 1979b; 
Hagen and Dyke, in process). 


Data from the 1980 RCA Yield/Soil Loss Simulator are used in various forms 
throughout the RCA Appraisal, for example, in Potential Problem Area 1, Soil 
Resources (Chapter 3, section A). The simulator was designed, however, for 
incorporation into the CARD-USDA National Agricultural Linear Programming 
Model. Consequently, in the simulator yield depends only on soil charac- 
teristics. Fertilizer use, management practices, and other relevant factors 
are’ taken into account elsewhere in the linear programming model. 


Introducing the effects of soil loss on yields significantly affected the 


results of the alternative linear programming model computer runs. In 
particular, as soil erosion lowered yields for certain erosive crops and 


7e3l 


cropping practices, the "minimum cost LP model" would locate the more erosive 
crops on the less erodible soils and choose less erosive crop rotations. 
(The "minimum cost model" is the alternative that assumes that farmers will 
choose the least expensive conservation practices.) This was particularly 
true in the runs in which the total amount of soil erosion was restricted 
(that is, the model found it cheapest to maintain soil productivity over the 
50-year period by using more intensive conservation rotations over the entire 
period). When erosion was reduced by 30 percent, interaction between the 
yield generator and the linear programming model resulted in solutions that 
required no significant increase in land base. Analyses of results from 
these computer runs are in preliminary stages. Detailed reports are forth- 
coming. 


The most important and necessary extension of the Yield/Soil Loss Model is 
its forthcoming integration with soil moisture/water balance models now being 
developed. The soil characteristics used in the model affect soil-water 
relationships, which in turn have significant impacts on yields. Examples of 
such soil-water relationships include availability of soil moisture, avail- 
able water capacity, extractable water content, permeability, runoff, drain- 
age, infiltration, and the amounts, intensity, and timing of irrigation 
water. 


Data observations from the soil survey were grouped by capability class and 
subclass. As soils become severely eroded, the subclass can change, for 
example, from IIIe to IVe or from IVe to VIe. Soil series names may also 
change as topsoil erodes because the texture of the underlying soil differs. 
Thus, there may be some inconsistency underlying the land class groupings as 
used in the model. 


The Water Priority Model for RCA 


The Economics, Statistics, and Cooperatives Service has developed a model to 
identify and rank aggregated subareas (ASA's) having critical water pollution 
problems. The rankings indicate where water pollutants affect a large number 
of people, where existing water pollution is severe, and where expenditures 
to correct water quality problems will yield the greatest returns. 


In arriving at these rankings, the water priority model uses outputs from the 
other computer models used in RCA analyses. It uses the outputs from the 
Resources for the Future (RFF) model, which shows pollutant loadings. RFF 
model outputs were, in turn, determined from land use data provided by the 
National Agricultural Linear Programming Model. 


The water priority model processes RFF model outputs with data on social and 
environmental factors discussed in Potential Problem Area 2, Water Quality 
(see chapter 3, section B). The social and environmental factors considered 
important for ranking the critical areas are: 


Oo Density of population.--Potentially higher benefits can be realized from 
corrective actions in ASA's having large populations. 


O Existing pollution problems.--Problems in water bodies where water 


quality standards are not being met will be addressed first in order to 
meet 1983 water quality goals. 


T= 2 


) Cost of treatment.--For each ASA the conservation practices needed and 


the costs of those practices provide a means of evaluating cost effec- 
tiveness. 


fe) Types of pollutants.--The major types of pollutants are assigned rela- 
tive weights in order to emphasize the areas where pollution is consid- 
ered most serious. The weights used in the priority model are: toxic 
substances, 4.0; organic wastes, 3.0; nutrients, 2.5; dissolved solids, 
2.0; and sediment, 1.0. 


The values for the pollutant categories are weighted as outlined above to 
develop a composite index and to provide a measure of the relative quality of 
the water in different areas. This index combines several factors: pol- 
lutant loadings, treatment costs, the intensity of chemical and fertilizer 
use, and pollution levels from the National Agricultural Linear Programming 
and RFF models. Values in the index show the relative importance of pol- 
lution problems in the ASA's. 


Once the water quality model has ranked ASA's having critical water pollution 
problems, information on those priority areas can be used in the National 
Agricultural Linear Programming Model. 


ACP Evaluation 


A primary objective of the Agricultural Conservation Program (ACP) is to 
reduce soil loss on farmland. However, the program has lacked information 
and techniques for making reliable estimates of erosion rates and of results 
of practices. USDA has identified and quantified erosion problems and 
appropriate practices without benefit of sound estimates of need. The ACP 
evaluation was based on methodology designed to help overcome this 
deficiency. 


Through agricultural research, enough basic data have been gathered on runoff 
and soil loss that a relatively simple technique to help plan and manage 
erosion control programs has become available. This predictive technique is 
the universal soil loss equation (see section A). 


Procedure and Methodology.--An ACP evaluation team was established by Presi- 
dential directive. This team worked under the leadership of the Under 
Secretary of Agriculture for International Affairs and Commodity Programs, 
the Assistant Secretary for Natural Resources and Environment, and the 
Director of Economics, Policy Analysis and Budget. It collected information 
from a sample of 171 counties, which comprise the ASCS work measurement 
system. These counties are shown in table 7B-2. 


All applicable ACP practices performed in the sample counties from 1975 
through 1978 were included in the study. Overall, 60,444 cases were 
included. Each case represented an ACP practice carried out by farmers on 
their land under federal cost sharing. 


In each case, USDA collected information on farm size, farm type, the kind of 
arrangement (long term or annual agreements) under which payment was made, 
practice costs, percentage levels at which the sample practices were cost 
shared, acreage treated or served by the practice, or number of structures 
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involved. USDA also obtained information for use in estimating soil loss 
before and after the application of conservation measures or practices. 
These estimates were based on the universal soil loss equation. 


For the four water conservation practices included in the study, Soil Conser- 
vation Service technicians estimated the number of acre feet of water used 
before and after installation of the practice. The difference indicated the 
degree of effectiveness of the practice. 


The ACP sample cases to be evaluated included 1,261 forestry cases. Because 
of time and personnel limitations, 180 cases were selected for intensive 
field review by choosing each seventh case from the total. All 180 cases 
were not examined in the field. A few of the cases were Forestry Incentives 
Program, not ACP, cases. Work had not been completed and no payment had been 
made on a few cases. Because a disproportionately high number of cases were 
in three counties in Michigan and in three in Wisconsin, not all of the cases 
selected in those areas were reviewed. The 145 forestry cases that were 
reviewed were located in 54 counties. 


The practices in all 145 cases were implemented in 1975, 1976, and 1977. 
Because of the time since implementation, USDA could thoroughly examine the 
results. It determined, for example, that 10 percent of the tree planting 
cases that fail do so within the first year after planting. Other studies 
have shown that about 85 percent of the ACP and Soil Bank plantations are 
still in place 10 to 18 years after they were established (Kurtz, 1978). 
Examination of the forestry practices, after they had been established for a 
year or more, provided an opportunity to describe the response of grasses, 
forbs, and shrubs planted for wildlife habitat or to control erosion. 


USDA conducted the overall 1978 ACP program evaluation primarily to determine 
the program's effectiveness in reducing soil erosion or conserving water. In 
places the forestry practices were implemented to provide additional wildlife 
cover or for esthetics, windbreaks, recreation, and other uses as well as to 
reduce erosion and maintain watershed values. In those areas, USDA evaluated 
the results in relation to the stated objectives. 


A Forest Service evaluation task force compiled the results of the field 
forms. Wildlife biologists, hydrologists, and soil scientists helped design 
the forms, implement the survey, and evaluate the results. 


Impact Regions.--The data for the ACP sample cases were compiled by geo- 
graphic impact regions (fig. 7B-5). Regional data helped USDA better relate 
the findings of the evaluation to specific regional characteristics and . 
conservation problems. Regions were delineated on the basis of aggregation 
of major land resource areas (Austin, 1972); factors such as similarity of 
soils, topography, climate, and agricultural commodity production; cropping 
patterns; and soil and water conservation problems. 


Table 7B-2.--Counties in the ASCS work measurement system 


State 


Alabama--==---- 


Aue Ous 


Arkansas------- 


California----- 


Colorado------- 


Delaware------- 


PMaridas---—==< 


GcOlelassno——— 


Counties 


Geneva 
Jackson 
Marion 
Tuscaloosa 


Pima 
Santa Cruz 


Arkansas 
Greene 
Izard 
Lee 


Butte 
Fresno 
Glenn 
Solano 


Gunnison 
Kiowa 
Montrose 
Otero 


Sussex 


Alachua 
Lafayette 
Marion 


Clay 
Colquitt 
Elbert 
Emanuel 
Heard 
Jeff Davis 
Laurens 
Quitman 
Troup 


Kootenai 
Washington 


Clinton 
De Witt 
Hancock 
Kendall 
Washington 


State 


Indiana------ 


Kansgas-s=-==~ 


Kentucky----- 


Maryland----- 


Massachusetts-- 


Michi gan=-2—— 
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Counties 


Cass 
Fayette 
Gibson 
Jennings 
La Porte 
Lawrence 


Appanoose 
Cass 
Cedar 
Dallas 
Scott 


Harvey 
Lincoln 
Rice 
Sheridan 
Wichita 


Ballard 
Edmonson 
McCreary 
Mason 
Montgomery 
Perry 
Webster 


Iberia Parish 
Richland Parish 
West Carroll Parish 


Oxford 
Talbot 


Franklin 
Hampshire 


Cheboygan 
Isabella 
Oceana 
Presque Isle 
Van Buren 


Table 7B-2.--Counties in the ASC work measurement system--Continued 


State 


Minnesota------ 


Mississippi---- 


Missouri------- 


Montana=--~----= 


Nebraska------- 


Nevada--------- 


New Hampshire-- 


New Jersey----- 


New Mexico----- 


New York------- 


Counties 


Goodhue 
Hubbard 
Isanti 

Lac qui Parle 
Marshall 


Amite 
Lauderdale 
Marshall 
Sunflower 
Winston 


Audrain 
Daviess 
Laclede 
Lincoln 
Pemiscot 
Pettis 


Gallatin 
Judith Basin 
Liberty 


Douglas 
Garden 

Red Willow 
Sherman 
Thayer 


Elko 
Eureka 
White Pine 


Cheshire 
Morris 
Sussex 


Warren 


Harding 
Sierra 


Genesee 
Montgomery 


State 


North Carolina- 


North Dakota--- 


Pennsylvania--- 


South Carolina- 


South Dakota--- 


Tennessee------ 
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Counties 


Columbus 
Johnston 
Lenoir 
Nash 
Vance 


Burleigh 
Montrail 
Traill 


Allen 
Highland 
Trumbull 
Wayne 


Garfield 
Garvin 
Haskell 
Kiowa 


Clackamas 
Jefferson 
Multnomah 


Clarion 
Huntingdon 
Lycoming 


Fairfield 
Greenville 
Horry 


Edmunds 
Hamlin 
Meade 


Bledsoe 
Cocke 
Smith 
Sumner 
Tipton 


Table 7B-2. 


State 


--Counties in the ASC work measurement system--Continued 


Counties 


Donley 

El Paso 
Harris 
King 

Knox 
McLennan 
Nacogdoches 
Ochiltree 
Pecos 

Van Zandt 
Williamson 
Wise 


Washington 


Chittenden 


State 


Viteinia=--<~== 


Washington---- 


West Virginia-- 


Wisconsin------ 


Wyoming-------- 
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Counties 


Bedford 
Cumberland 
Grayson 
Halifax 
Lunenburg 


Grant 
Stevens 


Lewis 
Preston 


Jefferson 
Price 
Vernon 
Waupaca 


Goshen 
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Glossary 


Aggregated subarea (ASA). The Water Resources Council (WRC) breaks down the 
United States into water resources regions and subregions. Water resources 
regions are hydrologic areas that contain either the drainage area of a major 
river or the combined drainage areas of a series of rivers. A subregion is 
an area drained by a river system, a reach of a river and its tributaries in 
that reach, a closed basin or basins, or a group of streams forming a coastal 
drainage area. For collection of socioeconomic data, WRC adjusts the bound- 
aries of these subregions along county lines to form subareas. Groups of 


these subareas are called aggregated subareas (ASA's). One or more ASA's, in 
turn, form each of the WRC regions. 


Animal unit month (AUM). A measure of forage or feed required to maintain 
one animal unit--one cow, one horse, one mule, five sheep, five swine, or six 
goats--for a period of 30 days. 


Best management practices (BMP's). An Environmental Protection Agency (EPA) 
term generally used in local water quality plans. A BMP is a practice or 
combination of practices that a state or designated areawide planning agency 
considers the most effective and practicable means of controlling the amount 
of nonpoint source pollution to meet water quality goals. 


Biomass. (1) The total amount of living material in a particular habitat or 


area. (2) An expression of the total weight of a given population of orga- 
nisms. 


Conservation tillage. A form of mulch tillage that retains a protective 
amount of residue mulch on the surface throughout the year. (Some conser- 
vation tillage methods are: minimum tillage, no till, reduced tillage, 
stubble-mulch tillage, chisel planting, and till planting.) 


Consumptive use. That part of water which is evaporated, transpired, incor- 
porated into products and crops, consumed by humans and livestock, or other- 
wise removed from the immediate water supply. 


Contour farming. Plowing, planting, cultivating, and harvesting on the 
contour of the land. 


Cover crop. A close-growing crop planted primarily to protect and improve 
the soil. Farmers grow cover crops on fields between periods of regular crop 
production and around trees and vines in orchards and vineyards. 


Critical average month. That month of average flow when the difference 
between available streamflow and water requirements is greatest (when the 
excess water is the least or when the shortage is the most of any month 
during the year). 


Cropland. Land used primarily to produce cultivated crops, close-growing 
crops, and fruits and nuts. 


Crop residue. The part of a plant or crop left in the field after harvest. 


Current normalized price. The price of a commodity adjusted to reduce the 
influence of short-term fluctuations, such as abnormal weather, insect in- 
festations, and sudden changes in demand. 


Discount rate. A factor used to determine the current value of money that is 
to be paid or received in the future. The discount rate is based on a) the 
rate of return (the interest rate paid on the money) and b) the length of 
time under consideration. 


Diversion (or diversion terrace). A ridge of earth, generally a terrace, 
built to protect downslope areas by diverting runoff from its natural course. 


Erosion. The wearing away of the land surface by water, wind, ice, or other 
geologic agents and through such processes as gravitational creep. 


Eutrophication. A process through which a body of water ages. Nourished 
aquatic plants--often algae--in waters enriched with nutrients and organic 
matter cause the water body to become shallower and deplete oxygen supplies 
seasonally. 


Federal forest land. Land under federal ownership that is at least 10 per- 
cent stocked by forest trees of any size, and land that has lost its tree 
cover but has not been developed for nonforest uses. 


Federal land. All land and small areas of water owned and managed by federal 
agencies, for example, national forests and parks, military reservations, 
public domain lands, and national grasslands. 


Field windbreaks. A strip or belt of trees or shrubs established in or 
adjacent to a field to reduce soil blowing, control snow deposition, conserve 
moisture, protect crops and orchards, provide shelter for livestock and 
wildlife, or increase the natural beauty of an area. 


Flood plain. Nearly level land that is situated on either side of a channel 
and that is subject to overflow. 


Flood prone areas. Areas adjoining rivers, streams, watercourses, bays, 
lakes, alluvial plains, or other areas that have been intermittently flooded 
in the past or that can be expected to be flooded in the future. Areas 
subject to inundation by a flood having an average recurrence interval of 
once in 100 years, or a 1 percent chance of occurrence in any given year. 


Forest stocking. The degree of occupancy of land by trees, measured by basal 
area and/or the number of trees on a stand by size or age and spacing, com- 
pared to the basal area and/or number of trees required to fully utilize the 
growth potential of the land. 


Grassed waterway. A natural or constructed waterway, typically broad and 
shallow, seeded to grass as protection against erosion. It conducts surface 
water away from cropland. 


Ground water mining. An overdraft that occurs when water is withdrawn from 
the ground at a rate greater than the long-term rate of recharge. 


Heavy metals. Those metals in wastes which, when they exceed certain 
amounts, can be toxic to humans, animals, or plants (cadmium, chromium, 
copper, iron, lead, manganese, nickel, and zinc). 


Hydraulic head. The height of the free surface of fluid above any point in a 
hydraulic system; a measure of the pressure of force exerted by the fluid. 


Hydrologic soil group. A grouping of soils based on the runoff-producing 
characteristics of the soils. 


Income elasticity. The arithmetical relationship between the percentage 
change in the quantity of a commodity bought and the percentage change in 
personal disposable income. 


Industrial discharge. The liquid wastes from industrial processes, as dis- 
tinct from domestic wastes. 


Instream flow requirements. The amount of flow necessary to provide for the 
combined instream uses of water for fish, wildlife, recreation, navigation, 
hydropower, waste assimilation, and downstream conveyance. 


Land capability classes and subclasses. The quality of soil resources for 


agricultural use is commonly expressed as land capability classes and sub- 
classes, which show, in a general way, the suitability of soils for most 
kinds of field crops. Soils are grouped according to their limitations when 
they are used for field crops, the risk of damage when they are used, and the 
way they respond to treatment. 


Capability classes, the broadest groups, are designated by Roman numberals I 
through VIII. The numerals indicate progressively greater limitations and 
narrower choices for practical use. The classes are defined as follows: 
Class I soils have few limitations that restrict their use. 

Class II soils have moderate limitations that reduce the choice of plants. 
Class III soils have severe limitations that reduce the choice of plants. 


Class IV soils have very severe limitations that reduce the choice of plants. 


Class V soils are not likely to erode but have other limitations, impractical 
to remove, that limit their use. 


Class VI soils have severe limitations that make them generally unsuitable 
for cultivation. 


Class VII soils have very severe limitations that make them unsuitable for 
cultivation. 


Class VIII soils and landforms have limitations that nearly preclude their 
use for commercial crop production. 


Capability subclasses are soil groups within one class; they are designated 
by adding a small letter, "e,"""w," "s," or “c," to the class numeral, for 
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example, IIe. The letter "“e" shows that the main limitation is risk of 
erosion unless close-growing plant cover is maintained; "w" shows that water 
in or on the soil interferes with plant growth or cultivation (in some soils 
the wetness can be partly corrected by artificial drainage); "s" shows that 
the soil is limited mainly because it is shallow, droughty, or stony; and 
"c," used in only some parts of the United States, shows that the chief 
limitation is climate that is too cold or too dry. 


Lower quartile summer flow. The U.S. Geological Survey describes streamflow 
by dividing the range of flow into quartiles. Thus, the flow between the 
upper and lower quartiles is considered normal flow. The lower quartile is 
that flow, usually occurring during the summer, which is considered the low 
flow, or below 25 percent of the total flow. 


Management practices. Land treatment and cultural activities other than 
structural practices designed to protect and improve soil, plant, or animal 
resources. 


Modified central case. Projections of flood damages that represent the most 
probable results of future flooding. This case assumes that flood plain 
regulations will be implemented at a rate faster than the current rate, but 
not up to the maximum practical level. It also assumes that structural 
measures will be installed at a slower rate than in the recent past. 


Monoculture. Raising crops of a single plant variety, cultivated as well as 
natural. 


Mulch. A natural or artificial layer of plant residue or other material on 
the soil surface. 





Mulch tillage. A conservation tillage system that primarily uses subsurface 
tillage equipment designed to leave crop residue on the surface to prevent 
erosion. 


Municipal discharge. Waste water derived principally from such sources as 
dwellings, business buildings, and institutions. 


Native pasture. Areas where the natural potential plant community is forest, 
but the land is used and managed mainly to produce native grasses for forage. 


Nonfederal forest land. Private, state, and municipal lands under at least a 
25 percent tree canopy cover or at least 10 percent stocked with forest trees 
of any size, including land once forested that will be naturally or artifi- 
cially reforested. It does not include transition zones between heavily 
forested and nonforested land that can also be defined as rangeland, nor does 
it include forested areas that can be defined as urban and built-up land. 


Nonfederal land. All land and associated small water bodies owned by state 
and local governments, individuals, corporations, and other nonfederal enti- 
ties. 


Nonpoint source pollution. Pollution (runoff from urban, agricultural, 
forested, and mining areas) which is usually not controllable through 
existing technology for meeting effluent guidelines. It is generally best 
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controlled through land use practices or best management practices (BMP's). 
For the most part, nonpoint source pollution is manmade. Natural or back- 
ground sources of pollution are not covered under this definition. 


Overdrafting. The withdrawal of ground water at a rate greater than the 
long-term rate of recharge. 


Oxygen demanding wastes. Wastes that consume oxygen in the biochemical 
oxidation of organic matter. 


Pastureland. Land used primarily to produce domesticated forage plants for 
livestock. This land does not include rotation pasture or cropland under 
winter cover crops. 


Phreatophyte. A plant dependent on ground water as opposed to soil moisture 
(for example, willow, cottonwood, greasewood, and saltcedar). 


Planimetering. The measuring of the area of any plane surface by passing a 
tracer around the boundary line. 


Plot years. A term used to express the number of erosion study plots and the 
years those plots were studied. 


Point source pollution. Pollution from any discernible, confined, and 
discrete conveyance, including but not limited to any pipe, ditch, channel, 
tunnel, conduit, well, discrete fissure, container, rolling stock, concen- 
trated animal feeding operation, or vessel or other floating craft. This 
term does not include return flows from irrigated agriculture. 


Prime farmland. Land that is best suited to producing food, feed, forage, 
fiber, and oilseed crops and is available for those uses. It can be cropland, 
pastureland, rangeland, forest land, or other land. It has the soil quality, 
growing season, and moisture needed to economically produce sustained high 
yields of crops if managed according to acceptable farm practices. Prime 
farmland produces ihe highest yields with minimal expenditure of energy and 
economic resources and does so with the least damage to the environment. 


Producing area. A geographic breakdown of the conterminous United States 
based on the 99 aggregated subareas (ASA's) (see aggregated subarea). There 
are 105 producing areas because 6 ASA's have two different agricultural pat- 
terns. Producing areas are used in the CARD-USDA National Agricultural 
Linear Programing Model at Iowa State University. 


Range condition. The present composition of the plant community on a range 
site as it compares to the potential natural plant community for that site. 
Range condition is expressed as excellent, good, fair, or poor, depending on 
how much the present plant community has departed from the potential. 


Rangeland. Land on which the natural potential (climax) plant cover is 
principally native grasses, grasslike plants, forbs, and shrubs. It includes 
natural grasslands, savannas, certain shrub and forb lands, most deserts, 
tundra, alpine communities, coastal marshlands, and wet meadows. It also 
includes lands that are revegetated naturally or artificially and are managed 
like native vegetation. Except for brush control, rangeland is managed 
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primarily by regulating grazing and protecting the plant cover. It is not 
cultivated, drained, irrigated, or mechanically harvested. 


Rill erosion. An erosion process in which surface runoff forms numerous 
small channels a few inches deep in the soil. Rill erosion occurs mainly on 
recently cultivated soils. 


Section 208. The section of the Federal Water Pollution Control Act (P.L. 
92-500), as amended by Section 35 of P.L. 95-217, which provides for federal 
grants to develop plans for achieving national water quality goals. 


Sediment delivery ratio. The ratio of sediment yield to gross erosion ex- 
pressed as a percentage. 


Shadow price. The total price or marginal cost of producing the last unit of 
a specific commodity. 


Sheet erosion. The removal of a fairly uniform layer of soil from the land 
surface by rainfall and surface runoff. 


Silviculture. The cultivation of forest crops according to a knowledge of 
silvics. The theory and practice of controlling the establishment, compo- 
sition, and growth of forest. 


Soil map unit. A collection of areas defined in terms of soils or mis- 
cellaneous areas, or both. Each map unit differs in some respect from all 
others in a soil survey area and is identified on a soil map. 


Stream accounting unit. A measure of water quality using characteristics 
such as fecal coliform bacteria, inorganic nitrogen, and organic nitrogen. 


Stripcropping. Growing crops in a systematic arrangement of strips or bands 
that serve as barriers to wind and water erosion. 


Structural practices. Soil and water conservation practices that involve 
designed facilities, devices, or features that are constructed or manu- 
factured. 


Stubble-mulching. Leaving the stubble of crops or crop residue in place on 
the land as a surface cover during fallow and the growing of a succeeding 
crop. 


Terrace. (1) An embankment or ridge constructed across sloping soils on the 
contour or at a right angle to the contour. The terrace intercepts surface 
runoff so that it can soak into the soil or flow slowly to a prepared outlet. 
A terrace intended mainly for drainage has a deep channel that is maintained 
in permanent sod. (2) A level, usually narrow plain bordering a river, 
lake, or sea. Rivers sometimes are bordered by terraces at different levels. 


Thermal pollution. Degradation of water by the introduction of excess heat. 


Trace elements. Chemical elements, for example, zinc, cobalt, manganese, 
copper, and iron, that occur in extremely small amounts in soils. 


Urban and built-up areas. Cities, villages, other built-up areas of more 
than 10 acres, industrial sites, railroad yards, cemeteries, airports, golf 


courses, shooting ranges, institutional and public administration sites, and 
similar areas. 


Water resources regions and subregions. See aggregated subarea (ASA). 


Water table. The upper surface of ground water, or that level below which 
the soil is saturated with water; the focus of points in soil water at which 
the hydraulic pressure is equal to atmospheric pressure. 


Water-use efficiency. The minimum amount of water used per unit of pro- 
duction. 


Water year. A continuous 12-month period from October 1 to September 30. 
Wind erosion. The detachment and transportation of soil by wind. 


Wind erosion equation. A mathematical equation used for estimating the 
quantity of wind erosion. 


Wind erosion group. A group of soils with similar wind erodibility hazard. 
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